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THE  Kohlrausch-Ostwald  method  for  determining  the 
electrical  conductivity  of  electrolytes  by  means  of  an 
alternating  current  and  telephone  is  very  accurate  and  easy  to 
use  so  long  as  the  induction  coil  gives  a  clear  high  note.  This 
condition,  however,  is  not  easy  to  fulfil,  for,  owing  to  the 
magnetization  of  the  steel  spring  current  breaker,  the  adjustment 
is  soon  lost.  This  objection  holds  for  all  coils  which  use  steel 
for  the  vibrator  whether  in  the  form  of  a  spring  or  wire.  In 
preparing  four  sets  of  apparatus  for  conductivity  so  much 
difficulty  was  experienced  in  adjusting  the  coils  that  it  was 
decided  to  find,  if  possible,  another  form  of  interruptor  which 
would  be  free  from  this  objection.  As  a  result  of  this  search  an 
attachment  was  found  which  not  only  gives  a  clear  high  note, 
and  allows  of  rapid  adjustment,  but  which  can  b^  used  for  one  set 
or  for  a  number  of  sets  of  apparatus  so  that  in  the  latter  case  all 
may  be  adjusted  by  one  operation.     Each  piece  of  apparatus  is 
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set  up  as  usual  except  that  the  current  breaker  is  removed  from 
each  coil,  the  interrupting  being  done  for  all  in  another  room  by 
an  apparatus  run  by  another  source  of  electricity.  This 
apparatus  is  a  modified  form  of  Professor  M.I.  Pupin's  electro- 
dynamic  interrupter.  The  modifications  referred  to  consist  in 
the  use  of  an  electromagnet  instead  of  the  somewhat  uncommon 
Weston  permanent  one,  and  in  the  interruption  of  a  separate 
circuit  instead  of  that  which  causes  the  string  to  vibrate.     A 


Figr.  I. 

horseshoe  electromagnet  with  special  pole  pieces  (Fig.  i)  is 
mounted  vertically  upon  a  base-board.  On  these  pole  pieces  is 
fastened  an  oblong  framework  of  brass,  on  the  ends  of  which  are 
screw  devices  to  which  the  ends  of  a  brass  wire  may  be  soldered 
and  kept  at  any  desired  tension,  between  the  pole  pieces.  Two 
mercury  cups  are  placed  the  one  in  front  and  the  other  behind 
the  magnet  into  each  of  which  dips  a  short  piece  of  amalgamated 


d     c 


e     / 


Fig.  2.—C  is  connected  to  B'  and  e  to  A'  underneath  the  base.  The 
current  enters  at  d  and  c  and  one  portion  goes  to  the  electro- 
magnet M  by  wires  not  shown  in  the  figure. 

copper  wire  which  is  soldered  to  the  brass  wire.  These  mercury 
cups  are  so  arranged  upon  screws  that  they  may  be  raised  or 
lowered  so  as  to  be  in  contact  with  the  copper  dippers.  Fig.  2 
shows  the  arrangement  of  the  wire,  cups  and  magnet  with  their 
connections.     The  current  (three  to  six  volts,  taken  from  the 

^  Am.  /.  Set.,  3d  series,  45,  p.  325  (1893). 
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electric  light  circuit  or  from  storage  cells)  enters  at  the  two 
binding-posts  c  and  d  and  divides  one  portion  going  to  the 
magnet  through  wires  not  shown  in  the  figure,  the  other  going 
from  c  through  the  wire  to  B,  to  the  mercury  at  B'  and  back  to  d, . 
When  the  current  is  flowing  in  this  way,  the  wire  is  repelled  by 
the  magnet  so  that  the  contact  at  B'  is  broken  but  made  again  in- 
stantaneously by  the  tension  of  the  wire.  In  this  way  the  wire  is 
retained  in  rapid  vibration,  and,  if  the  cup  A  is  properly  adjusted, 
any  battery  circuit  connected  through  e^  A',  A,  and /will  be  inter- 
rupted. By  connecting  a  Leclanchfe  cell  with  an  induction  coil 
(with  the  breaker  removed)  through  the  two  binding-posts  ^  and/ 
a  rapidly  alternating  current  is  obtained  and  a  clear  high  adjustable 


To  J,  Fig.  2 


To  e^FLg.Z 

Fi?-  3<~R  is  the  known  resisunce,  W  the  electrolytic  cell,  I  the 
coil.  L  the  Leclanch^  cell  and  T  the  telephone. 

note  produced  in  the  telephone.  Fig.  3  shows  the  connections  for  a 
piece  of  apparatus  set  up  in  the  way  described  so  that  no  further 
explanation  is  necessary.  Naturally  any  number  of  sets  may  be 
connected  in  this  way  through  the  interrupter,  the  same  tone 
being  obtained  in  all,  and  all  may  be  adjusted  at  once.  If  the 
current  necessary  for  the  operation  of  the  vibrator  were  not  so 
great  only  one  mercury  cup  would  be  necessary,  but  it  has  been 
found  more  satisfactory  to  simply  interrupt  the  current  from  a 
single  cell  and  thus  to  avoid  heating  and  polarization  effects  at 
the  electrodes.     The  arrangement  described  has  been  in  use  in 
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tension  of  water  at  various  temperatures,  the  values  of  the 

These 


**  apparatus  constant**  were  calculated  for  every    lo  . 
were  found  to  change  slightly  but  regularly. 

The  numerical  results  of  the  determinations  are  given  in  the 
following  table  and  are  represented  graphically  in  Pigs.  I  and  II. 
Curves  for  o",  20**  and  50°  only  are  drawn  in  Fig.  I  so  as  not 
to  crowd  too  much.  As  it  is,  the  right-hand  parts  of  the  curves 
practically  coincide. 

SURPACB-TENSIONS  OF  MIXTURES  OF  SULPHURIC  ACID  AND  WaTER. 

2.65  p^r  cent.  H,S04. 


Tempera- 
ture. 

Apparatus 
constant. 

Distance  be- 
tween ends 
of  tubes  in 
0.025  inch. 

Specific 
gravity. 

Surface 

tension 

in  dynes 

per  cm. 

0° 

1.260 

56.39 

I.02I 

73.60 

10° 

1.266 

55-71 

1. 019 

72.69 

20° 

1-273 

54.83 

1. 01 7 

72.02 

30° 

1.278 

54.04 

I.015 

71.13 

40° 

1.283 

53.12 

I.013 

70.07 

50° 

1.290 

52.13 
5.16  per  cent.  H^SO^. 

I. Oil 

69.01 

0° 

1.260 

55.83 

1.037 

74.02 

10" 

1.266 

55.01 

1.035 

73.14 

20*^ 

1.273 

54.18 

1.033 

72.31 

30° 

1.278 

53.31 

1. 03 1 

71.29 

40° 

1.283 

52.43 

1.029 

70.43 

50° 

1.290 

51.54 
11.87  per  cent.  HjSO^ 

1.027 

69.33 

qO 

1.260 

54.02 

I.081 

74.75 

10" 

1.266 

53.46 

1.078 

74.10 

20° 

1.273 

52.86 

1.075 

73.48 

30° 

1.278 

52.15 

1.072 

72.58 

40° 

1.283 

51.32 

1.069 

71.52 

50° 

1.290 

50.41 
18.33  per  cent.  HjSO* 

1.066 

■ 

70.45 

0^ 

1.260 

51.61 

1. 138 

75.30 

10° 

1.266 

51.00 

1. 133 

74.44 

20° 

1.273 

50.37 

I.128 

73.59 

30° 

1.278 

49.72 

1. 125 

72.75 

40° 

1.283 

49.05 

1. 123 

71.92 

50° 

1.290 

48.30 

1. 118 

70.90 

60" 

1.296 

47.64 

1. 113 

69.95 

yo'^ 

1-303 

46.87 

1. 108 

68.89 
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either  one-half  or  one  centimeter  apart  and  have  vulcanite  knobs 
upon  which  to  rest  the  fingers.  As  soon  as  the  approximate 
reading  is  found  with  one  key  the  block  is  moved  until  both 
keys  when  pressed  give  a  tone  of  the  same  intensity;  the  middle 
point  is  then  the  true  minimum.  It  is  well  to  have  the  one  key 
movable  so  that  the  distance  between  the  contacts  may  be 
reduced  as  the  point  is  reached.  By  the  use  of  this  arrangement 
it  is  possible  to  find  the  point  within  a  small  fraction  of  a 
millimeter  and  much  less  experience  is  necessary  for  accurate 
results  than  by  the  ordinary  process. 


ON  THE  SURFACE-TENSIONS  OF  MIXTURES  OF  SUL- 
PHURIC ACID  AND  WATER,  AND  THE  MOLECU- 
LAR MASS  OF  SULPHURIC  ACID. 

By  C.  E.  Linebakgbr. 
Receired  October  as.  1899. 

THE  apparatus  employed  in  making  the  measurements  of 
the  surface-tension  was  that  described  in  a  previous  num- 
ber of  this  Journal.* 

The  sulphuric  acid  used  was  Baker  and  Adamson's '  'chemically 
pure"  (sp.gr.  1.84),  and  was  found  on  analysis  to  contain  4.98  per 
cent,  of  water.  This  acicf  was  mixed  in  varying  proportions 
with  water  and  the  mixtures  analyzed.  The  specific  gravities  of 
some  of  the  mixtures  were  determined,  but  most  of  them  were 
taken  from  I/unge  and  Isler's  tables'  and  the  corrections  for 
temperature  applied  by  means  of  the  data  given  by  Bineau.* 

The  thermostat  consisted  of  a  beaker  filled  with  water  and 
provided  with  a  stirrer.  A  layer  of  heavy  oil  was  poured  over 
the  water  so  as  to  prevent  evaporation.  Readings  were  taken 
(never  less  than  three  at  the  same  temperature)  at  intervals  of 
about  5**.  These  were  plotted  and  a  smoothed  curve  (which  was 
approximately  a  straight  line)  drawn  through  them.  From  this 
curve,  readings  were  taken  at  temperature-intervals  of  10**,  and 
these  were  used  in  calculating  the  surface-tensions. 

Readings  were  taken  in  the  same  way  with  pure  water,  from 
which  with  the  aid  of  Ramsay  and  Shields*  data*  on  the  surface- 

1  This  Journal,  18,  514  (1896}.  t 

s  Ztschr.  angew,  Chem.^  129  (1890).    Landott  and  Bomstein,  196. 
t  Ann.  chim.phys,  (3},  a6,  123  (1849). 
*  Ztschr.  phys.  Chem.,  xa,  433  (1893). 
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Tempera- 
ture. 

Apparatus 
constant. 

Distance  be- 
tween ends 
of  tubes  in 
0.025  inch. 

Specific 
Gravity. 

Surface 

tension 

in  dynes 

per  cm. 

30° 

1.278 

27.02 

1-755 

63.70 

40" 

1.283 

27.00 

1.746 

63.54 

50° 

1.290 

26.99 

1.737 

63.48 

60° 

1.296 

26.97 

1.728 

63.37 

70° 

1.303 

26.96 

1. 718 

63.19 

95.02  per  cent.  H|SO 

|. 

0° 

1.260 

2363 

1.843 

58.26 

10° 

1.266 

23.54 

1.833 

57-97 

20^ 

1.273 

23.46 

1.824 

57.76 

30^ 

1.278 

23.40 

I.814 

57.53 

4o<^ 

1.283 

23.39 

1.805 

57.43 

50° 

1.290 

23.36 

1.796 

57.36 

60° 

1.296 

23.31 

1.786 

57.28 

70° 

1.303 

23.24 

1.775 

56.89 

The  foregoing  data  show  that  both  the  addition  of  water  to 
sulphuric  acid  and  of  sulphuric  acid  to  water  increases  the  sur- 
face-tension of  the  liquids.  The  increase  in  the  surface-tension 
of  the  acid  even  when  but  a  small  proportion  of  water  is  mixed 
with  it  is  especially  marked.  The  maximum  surf  ace- tensiou  is 
observed  when  about  equal  quantities  of  the  two  liquids  are 
mixed.  It  is  also  shown  that  certain  mixtures  of  sulphuric  acid 
and  water,  although  of  difierent  percentage  composition,  may 
yet  have  equal  surface-tensions.  This  is  clearly  brought  out  in 
the  curves  for  mixtures  containing  58.05  per  cent,  and  65.27  per 
cent.,  respectively,  of  the  acid;  the  curves  cross  at  an  abscissa- 
value  of  about  22°.  Besides  this  observed  instance,  other  mix- 
tures have  a  similar  behavior.  The  limits  of  the  values  of  their 
composition  and  surface-tensions  may  be  learned  by  an  inspection 
of  the  figures. 

A  noteworthy  peculiarity  of  strong  solutions  of  sulphuric  acid 
in  water  is  the  slight  influence  that  changes  of  temperature  have 
upon  their  surface-tensions.  The  curves  in  Fig.  2  become  more 
and  more  horizontal  the  greater  the  percentage  of  acid  in  the 
mixtures.  From  these  low  values  found  for  the  temperature 
coefficients,  certain  conclusions  may  be  drawn  as  to  the  degree  of 
molecular  polymerization  of  pure  sulphuric  acid.  It  is  true  that 
no  determinations  were  made  of  the  surface-tension  of  the  pure 
acid,  but  it  seems  reasonable  to  conclude  that  the  regularity  of 
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the  curves  would  extend  to  the  abcissa- value  of  the  pure  acid. 
Yet  it  is  scarcely  to  be  expected  that  anything  like  correct  values 
for  the  surface-tension  of  the  pure  acid  would  be  obtained  by 


Fig.  I. 

extrapolation,  for  the  curves  are  too  steep  and  close  together. 
All  that  is  legitimate  to  infer  is  that  the  pure  acid  has  a  small 
temperature  coefl&cient  with  respect  to  its  surface-tension. 

Now  according  to  the  views  of  Ramsay  and  Shields*  the 
degree  of  polymerization  of  a  liquid  may  be  estimated  by  means 
of  the  change  of  its  molecular  surface  energy  with  the  tempera- 
ture.    The  smaller  this  is,  the  greater  is  the  degree  of  polymeri- 

1  Loc,  at. 


lO 
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zation  of  a  liquid's  molecules.  The  small  temperature  coeffi- 
cient of  sulphuric  acid  points  then  to  a  high  degree  of  polymeriza- 
tion ;  the  molecular  mass  of  its  molecule  must  be  several  times  98, 
the  molecular  mass  corresponding  to  the  formula  H,SO^.  Ramsay 


IFigr.  2. 

in  a  lecture  before  the  Chemical  Society  of  Paris'  stated  that  he 
had  found  it  probable  that  the  molecule  of  sulphuric  acid  could 
be  approximately  represented  by  the  formula  (H,SO,)„.  If  this 
be  true,  sulphuric  acid  has  the  most  complex  molecule  of  any 
liquid  as  yet  examined  in  that  regard,  and  this  complexity  of 

1  This  was  printed  in  the  Revut  Scientifique  (4),  s,  i  (1894).  No  data  or  details  seem 
to  have  been  given  in  any  of  the  journals  devoted  to  the  publication  of  chemical 
research. 
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molecular  structure  may  account  for  many  of  the  anomalous 
properties  of  mixtures  of  sulphuric  acid  and  water. 

The  conclusion  that  sulphuric  acid  is  molecularly  polymerized 
to  a  very  considerable  extent  would  indicate  in  accordance  with 
the  views  of  Nernst'  and  Briihl'  that  the  pure  acid  should  have 
a  large  dielectric  constant  and  high  dissociative  power.  The 
specific  inductive  capacity  of  sulphuric  acid  has  not  been  deter- 
mined and  no  measurements  of  the  electric  conductivity  of  salts 
dissolved  in  it  have  been  made.  The  electric  conductivity  of  a 
concentrated  acid  may,  indeed,  be  regarded  as  due  to  the  ions  of 
water,  for  the  acid  may  be  considered  to  be  the  solvent  and  water 
the  dissolved  substance.  If  the  dielectric  constant  of  pure  sul- 
phuric acid  should  be  found  to  be  larger  than  that  of  water,  it 
seems  in  the  light  of  the  views  of  Nernst  and  Briihl  quite  natural 
to  suppose  that  the  acid  would  exert  a  not  inconsiderable  dis- 
sociative power  on  water.  Still  even  in  concentrated  acid,  the 
extraordinary  dissociative  power  of  water  would  assert  itself, 
and  the  acid  regarded  as  solvent  would  become  dissociated  into 
its  ions  in  part.  The  circumstance  that  the  acid  may  dissociate 
into  more  than  two  ions  together  with  the  probability  that  it 
is  molecularly  polymerized,  complicates  matters  greatly. 

The  fact  found  by  Kohlrausch'  that  a  lo  per  cent,  solution  of 
water  in  sulphuric  acid  presents  a  maximum  of  conductivity 
may  perhaps  be  taken  as  an  indication  that  the  acid  actually 
does  assert  a  dissociative  action  on  water ;  that  the  conductivity 
of  stronger  solutions  of  acid  in  water  are  quite  small  may  be  due 
to  the  great  viscosity  of  the  acid  solvent.  It  would  be  premature, 
however,  to  enter  more  at  length  into  discussions  of  this  nature, 
because  of  the  fewness  of  the  data  and  because  the  work  of 
Kahlenberg  and  Lincoln*  shows  that  not  so  very  much  reliance 
can  be  placed  on  the  views  of  Nernst  and  Briihl. 

1  ZUchr.  phys,  Chem.^  13,  3  (1894). 

«  Ibid.,  x8,  514  (1895)  and  97,  317  (1898). 

>  Pogg.  Ann.^  159,  233  (1876). 

♦  /.  Phys.  Chem.^  3, 12  and  457  (1899). 


ON  HUBL'S  IODINE  HETHOD  FOR  OIL  ANALYSIS. 

By  Augustus  H.  Gill  and  Waltrr  O.  Adams. 
Received  November  99,  1890. 

THIS  method,  as  is  well  known,  depends  upon  the  fact  that  the 
unsaturated  glycerides  in  the  oils  form  addition  products 
with  iodine:  it  has  the  disadvantage  that  substitution  products — 
the  amount  varying  with  the  time  of  action  and  strength  of  the 
solution — are  formed  as  well.  If  their  formation  could  be  pre- 
vented the  test  would  be  much  increased  in  value  and  it  was  to 
ascertain  if  this  were  possible  that  this  investigation  was  under- 
taken. 

As  ordinarily  prepared,  the  solution  contains  mercuric  chlo- 
ride and  iodine  in  alcohol:  by  their  interaction  mercuric  chlor- 
iodide  and  iodine  chloride  are  formed*  and  it  is  supposed  that  the 
latter  is  the  active  agent. 

HgCl,  +  I,  =  HgClI  +  ICl.  Ephraim*  and  also  Wijs'  have 
shown  that  practically  the  usual  iodine  numbers  are  obtained 
when  a  solution  of  iodine  chloride  in  alcohol  is  employed. 
Schweitzer  and  Lungwitz'  found  that  mercuric  bromide  caused 
a  larger  iodine  number  than  the  chloride :  ' '  that  manganese 
bromide,  cadmium,  nickel  and  cobalt  chlorides  cause  practically 
no  addition*  and  that  the  latter  gives  the  highest  true  iodine 
addition  figure.**  As  with  mercuric  chloride,  there  is  no  reason 
why  mercuric  bromide  mighjt  not  similarly  form  iodine  bromide 
and  this  be  the  active  agent. 

These  metallic  salts  may  play  another  part  in  the  reaction 
besides  the  formation  of  iodine  chloride,  that  of  carriers  of  halo- 
gen, similiar  to  that  played  by  mercury  in  the  Kjeldahl  process 
when  dissolving  the  substance  in  sulphuric  acid.  That  some 
such  agent  is  necessary,  is  shown  by  the  results  of  Gantter,*  who 
found  that  a  solution  of  iodine  in  carbon  tetrachloride  acts  very 
slowly  upon  the  oil  and  that  the  results  are  irregular, —  a  result 
which  the  authors  can  substantiate,  both  with  oils  and  oleic  acid. 

The  substance  selected  as  a  carrier  in  the  following  experiments 

iZischr.  angew.  Chem.,  284  (1895). 

2  Ber.  d.  chem.  Ges.^  31,  750. 

sy.  Soc,  Chem.  Ind.,  24, 1031. 

4  It  would  seem  as  if  this  should  be  "  substitution." — Author. 

B  Ztschr.  anal.  Chem.,  39,  iSi. 
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was  mercuric  iodide,  and  as  it  is  more  soluble  in  methyl  than 
ethyl  alcohol  the  former  was  employed  :  that  used  was  free  from 
acetone  and  anhydrous,  being  distilled  from  quicklime.  Thirty 
grams  of  mercuric  iodide  and  25  grams  of  sublimed  iodine  were 
dissolved  in  a  liter  of  methyl  alcohol;  of  this  solution  30  cc.  were 
employed  for  each  test  and  the  customary  procedure  followed. 
Oleic  acid  and  various  oils  were  used  to  test  the  efi&cacy  of  this 
solution ;  the  oleic  acid  was  the  purest  obtainable,  and  gave  no 
test  for  stearic  acid. 

The  results  are  given  in  the  accompanying  table : 

Amount  of  Iodinb  Absorbed  by  Various  Acids  and  Oii^. 

A,  Acids. 


Substance. 
Stearic  Acid. 


Time. 
Hrs. 


Hubl. 


Iodide. 


Average. 
Oleic  Acid. 


Average. 


3 
20 


25 


B.  Oils. 


Time. 

Substance. 

Hrs. 

Hubl 

Olive. 

4 

82 

Cottonseed. 

4 

107 

Prime  lard. 

4 

74 

Neatsfoot. 

4 

59 

8.99 

7.25 

8.70 

6.97 

8.82 

6.93 

8.84 

705 

lOI.O 

91.31 

89.19 

100.9 

89.64 

89.39 

103.5 

90.93 

90.54 

IOI.7 

90. 

2 



89.10 

89.23 

99.38^ 

97.88» 

98.41 

97.50 

98.37 

Iodide. 

97.65 
98.02 

97.70 

97.88 

78.9 

79.0 

79.3 

91.6 

91.2 

92.9 

72.4 

71.6 

71.5 

55.8 

56.0 

55.6 

It  will  be  noticed  in  the  case  of  stearic  acid,  which  should 
have  no  iodine    absorption,  that  the    substitution,  while  not 

1  As  is  evident,  considerable  substitution  bas  taken  place  here  :  this  when  corrected 
for  gave  the  theoretical  value,  90.  This  is  at  variance  with  the  observation  of  Schweitzer 
and  Lungwitz,  loc.  cit,^  1034. 
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entirely  avoided,  is  materially  lessened  by  about  20  per  cent. 
With  oleic  acid,  the  numbers  obtained  by  the  iodide  process 
average  but  0.2  per  cent,  higher  than  the  theoretical,  90  per  cent., 
which  is  the  closest  agreement,  so  far  as  known,  obtained  by  any 
process ;  they  are  1 1  points  lower  than  those  obtained  by  the 
usual  Hiibl  process.  A  slight  substitution  did  occur  as  shown 
by  the  hydriodic  acid  liberated.  This  was  increased  by  length- 
ening the  time  of  action  of  the  solution,  as  seen  from  the  20-  and 
25-hour  tests ;  the  3-hour  test  was  conducted  to  determine  if 
the  substitution  could  not  be  eliminated  by  a  shorter  time.  It 
was  found  that  it  did  take  place,  indicating  apparently  that  sub- 
stitution and  addition  occur  simultaneously  :  a  small  amount  of 
substitution  was  found  in  the  case  of  the  oils  as  well  as  with  oleic 
acid. 

Attention  was  called  in  the  early  part  of  this  paper  to  the  fact 
that  alcoholic  solutions  of  iodine  caused  a  low  and  variable  addi- 
tion of  halogen  to  oleic  acid  ;  this  is  more  particularly  the  case 
if  carbon  tetrachloride  be  used  as  a  solvent ;  chloroform  seems 
to  increase  this  addition  very  materially.  With  the  former, 
66.74,  67.32,  and  65.46  percent,  of  iodine  were  added  to  oleicacid, 
whereas  with  the  latter,  89.02,' 83.66,  and  85.86  per  cent,  were 
added. 

As  the  solution  used  contained  no  halogen  but  iodine,  thus 
excluding  the  formation  of  halides  of  iodine,  and  no  water, 
excluding  the  liberation  of  oxygen,  it  would  seem  that  we  had 
here  a  method  which,  while  as  ready  of  application  as  the  original 
Hiibl,  possessed  the  additional  advantage  of  giving  the  true 
iodine  figure. 

Massachusetts  Institute  of  Technolooy, 
Boston,  November,  1899. 
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IN  a  previous  paper*  one  of  us  mentioned  that  there  might  be 
more  danger  to  be  apprehended  from  the  continuous  breath- 
ing of  air  containing  very  small  amounts  of  water  gas,  such  as 

1  Municipal  Engineer,  17, 71. 
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might  occur  from  imperfection  in  gas  fittings  than  from  sewer 
gas  or  arsenical  wall  papers.  It  is  known  that  air  containing 
0.3  per  cent,  of  carbon  monoxide  causes  death,  0.2  percent,  very 
dangerous  symptoms,  and  that  mice  quickly  show  the  effect  of 
the  gas  when  the  air  contains  only  0.05  per  cent.  There  is  rea- 
son to  believe  that  air  containing  even  much  smaller  quantities 
when  breathed  for  a  number  of  hours  may  have  an  effect  on  the 
human  organism,  and  on  this  account  the  detection  and  quanti- 
tative determination  of  very  small  amounts  of  carbon  monoxide 
when  mixed  with  large  volumes  of  air  is  a  question  of  import- 
ance. 

The  methods  of  detecting  and  estimating  very  small  amounts  of 
carbon  monoxide  may  be  divided  into  two  classes :  first,  those  in 
which  carbon  monoxyhemoglobin  is  formed ;  second,  those  in 
which  it  is  oxidized  to  carbon  dioxide.  Those  of  the  first  class 
are  of  little  value  except  for  the  detection  of  the  gas  and  they 
may  all  be  considered  as  modifications  of  Hoppe-Seyler*s  method, 
first  published  in  1864,^  which  is  based  on  the  fact  that  while 
both  carbon  monoxyhemoglobin,  formed  by  the  action  of  carbon 
monoxide  on  arterial  blood,  and  oxyhemoglobin,  give  two 
absorption  bands  in  the  spectrum;  oxyhemoglobin  is  alone 
reduced  to  hemoglobin  by  the  action  of  such  reducing  agents 
as  ferrous  sulphate  or  ammonium  sulphide. 

The  method  of  determining  carbon  monoxide  by  oxidation  to 
carbon  dioxide  has  not,  until  the  past  few  years,  received  much 
attention.  This  oxidation  can  be  accomplished  by  the  use  of 
many  oxidizing  agents,  but  of  all  of  those  which  have  been  pro- 
posed iodine  pentoxide  is,  from  our  experience,  the  one  that 
can  best  be  used  for  the  determination  of  small  amounts  of  car- 
bon monoxide. 

Ditte,*  in  1870,  showed  that  at  temperatures  between  i5o°-2oo® 
iodine  pentoxide  was  decomposed  by  carbon  monoxide,  iodine 
and  carbon  dioxide  being  formed. 

I.O,  +  5CO  =  I,  +  5CO,. 

This  reaction  was  seemingly  first  used  by  C.  de  la  Harpe  and 
F.  Reverdine'  for  the  detection  of  the  gas,  and  Nicloux*  and 

1  Ztschr.  anal.  Chem.,  3,  439  (1864). 
s  Bun.  Soc.  Chim.,  13,  318  (1870). 
9  Oum.  Ztg„  XI,  1726  (1888}. 
*  Compt.  rend.y  xa6,  746. 
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Gautier'  have  made  use  of  the  reaction  for  its  quantitative  deter- 
mination. 

Nicloux  determined  the  iodine  set  free,  by  the  depth  of  color 
formed  in  a  chloroform  solution,  and  Gautier  by  the  amount  of 
carbon  dioxide  formed.  We  have  not,  by  either  of  these  methods, 
been  able  to  obtain  accurate  determinations  of  small  amounts  of 
carbon  monoxide,  but  have  obtained  most  satisfactory  results  by 
determining  the  amount  of  iodine  set  free,  with  an  N/iooo  solu- 
tion of  sodium  thiosulphate. 

The  apparatus  used  was,  with  slight  changes,  that  described 
by  Nicloux.  Twenty-five  grams  of  iodine  pentoxide  were 
placed  in  a  small  ||-tube,  which  was  suspended  in  an  oil-bath 
and  connected  with  a  Wolff  blood  absorption  tube  containing  0.5 
gram  potassium  iodide  dissolved  in  5  cc.  water.  The  tube  con- 
taining the  iodine  pentoxide  was  also  connected  with  twg  JJ-tubes, 
one  containing  sulphuric  acid,  the  other  small  pieces  of  potassium 
hydroxide,  so  as  to  remove  from  the  air  to  be  analyzed  before  it 
came  in  contact  with  the  iodine  pentoxide  all  unsaturated 
hydrocarbons,  hydrogen  sulphide,  sulphur  dioxide,  and  similar 
reducing  gases.  In  all  the  experiments  the  oil-bath  in  which 
the  U'tube  containing  the  iodine  pentoxide  was  suspended,  was 
heated  to  ISC'*  C,  as  preliminary  tests  showed  that  the  reaction 
was  not  a  quantitative  one  at  lower  temperatures. 

The  iodine  pentoxide  was  made  by  the  action  of  nitric  acid 
on  resublimed  iodine,  and  after  this  substance  had  been  purified 
by  the  usual  methods  the  last  traces  of  free  iodine  were  removed 
by  passing  air,  freed  from  all  reducing  substances,  through  the 
iodine  pentoxide  contained  in  a  IJ-tube  heated  to  150®  C. 

In  the  experiments  which  were  made  to  determine  the  accu- 
racy of  the  above  process,  i  liter  of  air  was  usually  taken,  but 
as  seen  in  the  following  tables  amounts  as  small  as  250  cc.  were 
tried  in  several  cases  and  the  rate  at  which  the  air  was  passed 
through  the  tubes  was  about  i  liter  in  two  hours,  the  rate  being 
controlled  by  forcing  the  air  out  of  the  bottle  in  which  it  was 
contained  by  dry  redistilled  mercury,  the  flow  of  which  was  reg- 
ulated by  a  glass  stop-cock.  The  amount  of  carbon  monoxide 
added  to  the  air  was  accurately  measured  from  a  tube  made  of 
capillary  glass  tubing  and  accurately  calibrated  so  that  each 

1  Compt.  rend.^  xa6, 931. 
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division  represented  0.005  cc,  ^^^  readings  of  o.ooi  cc.  could 
easily  be  made.  The  temperature  and  barometric  pressure  were 
carefully  noted  and  all  volumes  were  reduced  to  o®  C.  and  760 
mm.  pressure,  and  the  determination  of  the  iodine  set  free  was 
made  in  the  Wolff  blood  absorption  apparatus  which  contained 
the  potassium  iodide  solution. 

With  this  apparatus,  used  as  described,  we  were  able  to  deter- 
mine as  small  an  amount  as  0.025  cc.  of  carbon  monoxide,  when 
contained  in  1000  cc.  of  air,  or  0.0025  per  cent,  by  volume. 
The  following  table  gives  the  results  obtained  : 

Analytical  Results. 


Volumes  taken. 
Air.                 Carbon. 

monosdde. 
cc.                     cc. 

Iodine  liberated. 
Theoretical.             Found. 

MflT.                       Msr. 

Difference. 

1000 

0.410 

0.941 

0.907 

0.034 

1000 

0.286 

0.6575 

0.6375 

0.020 

1000 

0.359 

0.8178 

0.7832 

0.0346 

1000 

0.170 

0.3859 

0.4540 

0.0081 

1000 

0.2II 

0.4809 

0.4775 

0.0034 

1000 

0.15 1 

0.3442 

0.3252 

0.019 

1000 

O.II5 

0.2639 

0.2758 

0.012 

1000 

0.061 

O.I39I 

O.143I 

0.004 

1000 

0.023 

0.0535 

0.0494 

0.0041 

1000 

0.029 

0.0672 

0.0689 

0.0017 

ICXX) 

0.023 

0.0535 

0.0495 

0.004 

500 

O.I3I 

0.2993 

0.2976 

0.0017 

250 

0.030 

0.06862 

0.07165 

0.0029 

250 

0.026 

0.05967 

0.05855 

O.OOI  I 

Volumes  taken. 
Air.                     Carbon 
monoxide 
cc.                        cc. 

Carbon  monoxide. 
Calculated.               Found. 
Per  cent.                Per  cent. 
By  volume.           By  volume. 

Difference. 

1000  . 

0.410 

0.041 

0.0395 

0.0015— 

ICXX) 

0.286 

0.0286 

0^0278 

0.0008— 

1000 

0.359 

0.0359 

0.0341 

0.0018 — 

1000 

0.170 

0.0170 

0.0197 

0.0027-h 

1000 

0.2II 

0.021 1 

0.0208 

0.0003 — 

1000 

O.I5I 

0.015 1 

0.0142 

0.0009 — 

1000 

O.I  15 

O.OII5 

O.OII9 

0.0004+ 

1000 

0.061 

0.0061 

0.0062 

o.oooi-j- 

1000 

0.023 

0.0023 

0.0021 

0.0002 — 

1000 

0.029 

0.0029 

0.0030 

o.oooi-h 

1000 

0.023 

0.0023 

0.0022 

o.oooi — 

500 

O.I3I 

0.0262 

0.0260 

0.0002 — 

250 

0.030 

0.0120 

0.0124 

0.0004+ 

250 

0.026 

0.0104 

O.OIOO 

0.0004 — 
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These  results  showed  that  by  the  above  method  accurate 
determinations  could  be  made  of  very  small  amounts  of  carbon 
monoxide  in  pure  air,  and  it  only  remained  to  be  proved  that  the 
accuracy  of  the  process  was  not  affected  when  the  carbon  mon- 
oxide was  mixed  with  air  containing  illuminating  gas,  and 
experiments  were  made  to  determine  the  action  of  hydrogen, 
marsh-gas,  unsaturated  hydrocarbons,  hydrogen  sulphide,  and 
sulphur  dioxide  on  iodine  pentoxide. 

Hydrogen  and  marsh-gas,  as  was  to  be  expected,  had  no  effect 
on  the  iodine  oxide  at  isd'C.  and  the  unsaturated  hydrocarbons, 
hydrogen  sulphide  and  sulphur  dioxide,  in  much  larger  amounts 
than  are  contained  in  illuminating  gas,  or  formed  by  its  com- 
bustion, were  perfectly  absorbed ,  when  passed  in  the  way  described 
through  |)-tubes  containing  sulphuric  acid  and  potassium  hy- 
droxide. 

These  facts  having  been  determined,  mixtures  of  illuminating 
gas  and  air  were  made,  and  the  amount  of  carbon  monoxide  de- 
termined. 

The  experiments  gave  the  following  results : 

The  gas  used  contained  18.6  and  19.0  per  cent,  of  carbon 
monoxide,  respectively.  Of  the  first,  o.  104  cc.  was  added  to  i 
liter  of  air  and  the  air  was  found  to  contain  0.019  cc.  carbon 
monoxide,  the  calculated  amount  being  0.0191  cc.  In  the  sec- 
ond case,  0.146  cc.  of  the  gas  was  taken  and  the  air  gas  found 
to  contain  0.027  cc.  of  carbon  monoxide  in  place  of  0.02789  cc. 

The  results  that  have  thus  been  obtained  show  that  the  pres- 
ence and  amount  of  carbon  monoxide  in  the  air  of  a  room  can  be 
determined  when  the  air  contains  above  0.0025  per  cent,  by  vol- 
ume, or  2.5  volumes  in  100,000  volumes  of  air,  and  if  the  pres- 
ence of  this  gas  is  ^ue  to  leakage  of  illuminating  gas  and  the 
per  cent,  of  carbon  monoxide  in  this  gas  is  known,  the  amount 
of  illuminating  gas  contained  in  the  air  can,  of  course,  approxi- 
mately be  calculated. 

W0&CB8TBR  POLYTBCHNZC  INSTXTXTTE, 

November,  1899. 
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WHEN  I  was  first  confronted  with  the  analysis  of  licorice 
products,  I  had  to  select  a  method,  which,  giving  the 
necessary  data  required  by  the  trade,  could  easily  be  carried  out 
in  a  reasonably  short  time. 

The  literature  on  that  subject  was  found  to  be  rather  meager 
and  only  fragments  could  be  found  here  and  there.  More  com- 
prehensive was  the  article  on  the  subject  of  licorice  found  in 
Hager's  Pharmaceutiscke  Praxis,  and  for  the  determination  of 
some  constituents  the  method  therein  described  was  at  first 
carried  out  with  a  few  minor  modifications ;  instead  of  taking  lo 
grams  of  substance  as  prescribed  only  2  grams  were  used.  The 
first  amount  required  too  large  quantities  of  ammonia  and  alcohol 
on  one  hand  and  absolute  alcohol  on  the  other  hand  to  get  a 
colorless  filtrate,  besides  requiring  too  much  time,  extra  large 
filters  and  weighing-bottles.  It  soon  developed,  however,  that 
the  above  method  gave  too  high  results  in  glycyrrhizin,  which 
results  were  out  of  question,  in  case  glucose  had  been  added  to 
the  paste,  as  the  following  Sgures  will  show  : 

Glycyrrhizin. 
Per  cent.         | 

1.  Paste  with  no  glucose  added 32.25 

2.  Same  paste  with  15  per  cent,  glucose  added 29.61 

3.  •*        "        **     20     **      *'  *'  **     34.12 

Instestd  of  going  down  on  glycyrrhizin  as  it  should  be  through 
the  addition  of  the  glucose,  the  values  for  that  substance  rose 
with  the  amount  of  glucose  added.  It  was  examined  for  that 
substance  as  glucose  might  have  been  thrown  down  together 
with  the  glycyrrhizin  and  was  not  entirely  removed  during  wash- 
ing, by  precipitating  the  glycyrrhizin  with  basic  lead  acetate  but 
only  about  2  per  cent,  of  glucose  were  found  in  No.  2,  not 
explaining  the  rise  in  glycyrrhizin.  I  concluded  therefore  that 
that  rise  was  due  to  the  presence  of  a  substance  or  substances 
formed  from  the  glucose  by  the  ammonia,  especially  while  concen- 
trating the  run-ofi  from  the  first  operation,  which  substances  were 
absolutely  insoluble  in  absolute  alcohol  and  could  not  be  washed 
out  by  the  same.  After  several  experiments  along  those  lines 
the  following  mode  of  operation  was  adopted  and  found  to  work 
satisfactorily. 
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To  2  grams  of  the  extract  to  be  examined  add  5  cc.  water, 
place  on  a  warm  plate,  and  by  means  of  a  glass  rod  make  up  to  a 
perfectly  even  mass.  Add  little  by  little,  while  stirring,  20  cc.  of 
96  per  cent,  alcohol  and  allow  to  settle.  Filter  through  a  weighed 
filter  and  wash  with  a  mixture  of  i  part  water  and  4  parts  alcohol 
of  above  strength  until  run-off  is  colorless,  which  takes  about  100 
cc.  of  wash  liquor.  Keep  the  top  of  the  filter  wet,  as  it  easily  dries 
out  and  is  then  washed  with  difficulty.  The  filter,  with  contents,  is 
dried  at  105**  C.  for  three  hours  and  weighed.  It  gives  the 
gummy  matter,  starch,  etc.,  contained  in  the  extract.  The 
filtrate  is  either  distilled  off  or  evaporated^  Take  a  large  beaker 
for  evaporating,  or  else  liquor  creeps  up  to  the  edges  incurring 
losses.  When  nearly  evaporated  transfer  to  a  small  beaker,  evap- 
orate further  to  a  thick  sirup,  making  about  i  or  i  .5  cc.  It  is  then 
dissolved  in  2  cc.  glacial  acetic  acid,  and  30  cc.  absolute  alcohol 
are  added  with  constant  stirring.  Too  violent  stirring  produces 
a  lumpy  mass,  which  is  difficult  to  wash  out.  The  solutionis  al- 
lowed to  settle.  Filter  through  a  weighed  filter,  wash  with  absolute 
alcohol  until  no  acid  reaction,  dry  at  105°  C.  for  three  hours,  and 
weigh.  The  figure  obtained  is  not*  pure  glycyrrhicic  acid,  but 
rather  a  salt.  To  get  the  acid  sufficiently  accurate,  an  aliquot 
^art  is  incinerated,  using  blast  heat  at  the  end,  and  deducting  0.7 
of  the  percentage  of  ash  from  the  percentage  of  the  salt  found. 
The  ash  consists  mainly  of  calcium  oxide,  but  contains  also  very 
small  amounts  of  alumina  and  magnesia. 

The  glycyrrhizin  salt  as  prepared  by  my  method  represents  a 
light  yellow  amorphous  powder,  soluble  in  glacial  acetic  acid, 
cold  and  hot  water,  and  dilute  alcohol.  It  has  a  very  sweet  taste. 
(The  pure  glycyrrhicic  acid  is  according  to  Haberman*  a  tribasic 
acid  and  forms  acid  and  normal  salts.  It  dissolves  in  the  same 
reagents  as  the  salt  above  described,  but  only  in  hot  water,  while 
making  a  jelly  with  cold  water.) 

The  filtrate  from  the  glycyrrhizin  is  distilled  off,  diluted  and 
evaporated,  and  this  repeated  until  the  acetic  acid  is  driven  off. 
The  residue  is  dried  at  105**  C.  for  three  hours  and  weighed.  This 
amount  represents  the  so-called  extractive  matters,  containing 
the  saccharine  matter  that  the  root  contained  originally  or  which 
had  been  added  subsequently  to  the  paste ;  they  contain  also 
some  tannin,  resin,  etc. 

^Ann.  Chtm.  (I^lebig),  X97, 105. 
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Ash,  in  the  paste,  is  determined  by  incinerating  2  grams  in  a 
platinum  dish.  For  total  solids,  about  5  grams  are  dissolved  in 
hot  water  and  made  up  to  500  cc.  after  cooling  the  liquor.  It  is 
well  shaken  and  50  cc.  are  evaporated,  dried  at  105°  C.  for  three 
hours,  and  weighed. 

For  solids  soluble  in  cold  water,  50  cc  of  the  clear  filtrate  are 
evaporated,  dried,  and  weighed.  For  evaporation,  flat  bottom.ed, 
so-called  crystallizing  glasses  have  been  found  to  be  very  con- 
venient. 

The  difference  between  **  total  solids'*   and  ** soluble  solids'* 
represents  the  residue  insoluble  in  cold  water. 

The  moisture  is  taken  as  the  amount  obtained  by  subtracting 
the  **  total  solids"  from  100. 

Reducing  substances  are  determined  as  usual  after  precipita- 
ting with  basic  lead  acetate  and  titrating  the  filtrate,  freed  from 
lead,  with  standardized  Fehling's  solution. 

Following  are  the  results  obtained  by  the  above  method  from 
different  samples  of  licorice  extract : 

I.  3.  3.  4. 

,  Per  cent.  Per  cent.  Per  cent.  Per  cent. 

Moisture 24.18  25.14  19.58  23.99 

Residue  insoluble  in  cold  water •     3.95  6.79  I4>35          2.54 
"              **          **  mixture  of 

I  water  and  4  alcohol 27.27  25.20  36.58  24.65 

Glycyrrhizin 22.78  21.97  18.51  19.90 

Extractive  matter 25.02  25.05  26.02  28.91 

Ash 6.25  6.02  5.60         5.59 

Reducing  matters  as  glucose •  •  •  •  •  •  •  •          9.76 

Sample  No.  i  was  one  of  Scudder's  brands. 

Sample  No.  4  gave,  bj  the  method  described  in  Hager's  Phartnaceutische 
Praxis  for  glycyrrhizin,  28.57  PCJ*  cent. 

An  analysis  of  fresh  and  spent  licorice  root  gave  the  following 
results : 

Fresh.  Spent. 

Per  cent.        Per  cent. 

Moisture 8.40  10.00 

Total  solids 33.18  10.86 

Cold  solubles 29.65  .... 

Gummy  matter,  starch,  etc 8.07  3.56 

Glycyrrhizin 11. 21  2.25 

Extractive  matters ' 14-77  5'6o 

Ash 2.68  0.55 

Reducing  matters 0.52  .... 
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BENZENESTEAROSULPHONIC  ACID  AND  OTHER  SUL- 
PHONIC  ACIDS  CONTAINING  THE  STEARIC 

RADICAL.' 

By  K.  Twitch bll. 
Received  November  tg,  1899. 

IN  connection  with  some  experiments  on  the  action  of  sulphuric 
acid  on  the  higher  fatty  acids  I  prepared  a  mixture  of 
benzene  and  oleic  acid  and  treated  this  with  an  excess  of  con- 
centrated sulphuric  acid.  I  found  that  a  union  took  place 
between  the  benzene  and  the  oleic  acid,  and  at  the  same  time  a 
sulphonic  acid  was  formed. 

C.H.+  C,.H.,0,  +  H,SO,  =  C.H,  (SO.H)  C,,H. A  +  H.O. 

To  prepare  this  benzenestearosulphonic  acid,  a  mixture  of 
oleic  acid  and  benzene  is  treated  with  a  large  excess  of  concen- 
trated sulphuric  acid,  avoiding  any  excessive  rise  in  temperature 
by  cooling  the  mixture  and  by  adding  the  acid  slowly.  After 
several  hours  the  greater  part  of  the  oleic  acid  will  have  com- 
bined as  expressed  by  the  above  equation,  and  the  benzene- 
stearosulphonic acid  can  be  separated  and  freed  from  the  excess 
of  the  original  components  of  the  mixture  and  from  the  results 
of  secondary  reactions  which  have  occurred. 

A  consideration  of  the  action  of  sulphuric  acid  on  oleic  acid 
will  make  it  plain  that  these  impurities  can  only  be  the 
following : 

1.  Unacted-on  oleic  acid ; 

2.  Other  fatty  matters,  such  as  oxystearic  acid  and  fatty 
anhydrides,  produced  by  the  action  of  the  sulphuric  acid  and 
subsequent  decomposition  of  the  sulpho  compounds ; 

3.  Unacted-on  benzene ; 

4.  Stearosulphuric  acid,  C,gH„0,.HSO^ ; 

5.  Benzenesulphonic  acid ; 

6.  Sulphuric  acid  in  large  excess. 

From  its  mixture  with  these  substances  the  pure  benzene- 
stearosulphonic acid  can  be  separated  by  virtue  of  the  following 
properties  it  possesses,  to  which  I  will  again  refer :     It  is  soluble 

1  Read  before  the  meeting  of  the  Cincinnati  Section,  November  15, 1899. 
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in  water,  but  can  be  rendered  completely  insoluble  (salted  out) 
by  the  presence  in  the  water  of  a  little  hydrochloric  acid  or 
sulphuric  acid.  It  is  very  stable,  not  decomposed  by  boiling 
with  acid  solutions.     It  is  insoluble  in  petroleum  ether. 

The  reaction  mixture  is  treated  with  water  and  heated  to  boil- 
ing, whereby  the  excess  of  sulphuric  acid  is  diluted  and  the 
mass  separates  into  two  layers;  the  lower,  a  clear  aqueous 
liquid,  contains  the  excess  of  sulphuric  acid  and  whatever 
benzenesulphonic  acid  may  have  been  produced.  The  upper 
lay^,  a  viscous  oil,  contains  the  benzenestearosulphonic  acid 
with  the  remaining  impurities  insoluble  in  dilute  sulphuric  acid. 
If  any  stearosulphuric  acid  was  present,  this  will  have  been 
decomposed  by  the  heating  into  sulphuric  acid  and  oxystearic 
acid  and  anhydrides.  The  lower  layer  is  removed  and  the 
upper  is  washed  with  water  containing  hydrochloric  acid  until 
free  from  sulphuric  acid.  By  this  operation  the  benzene- 
sulphonic acid  is  also  washed  out.  The  oily  layer  is  now 
washed  a  number  of  times  with  petroleum  ether,  which  dissolves 
the  oleic  acid,  the  benzene,  and  the  other  fatty  matters  before 
mentioned,  leaving  the  compound  pure  except  for  small 
quantities  of  water  and  hydrochloric  acid,  and  these  can  easily 
be  removed  by  drying  at  lOo**  C. 

The  washing  with  petroleum  ether  is  a  tedious  process,  as 
some  of  the  decomposition  products  of  pleic  acid  are  rather 
diflBlcultly  soluble  in  this  liquid.  For  this  reason,  when  quanti- 
tative results  are  not  required,  it  is  better  to  dissolve  the 
partially  purified  product  in  ether  and  shake  with  water.  The 
aqueous  extract,  containing  most  of  the  benzenestearosulphonic 
acid,  is  treated  with  a  little  hydrochloric  acid,  taken  up  with 
ether  and  again  extracted  with  water.  On  evaporating  the 
aqueous  solution  the  compound  is  obtained  in  a  pure  state. 

The  composition  of  the  compound  was  determined  by  the 
estimation  of  the  sulphur  and  carbon  and  by  its  acid  equivalent, 
it  being  a  dibasic  acid  containing  an  acid  hydrogen  of  the 
sulphonic  radical,  which  can  be  exactly  titrated  by  using  methyl 
orange  as  indicator,  and  an  acid  hydrogen  of  the  fatty  radical 
which  can  be  titrated  with  phenolphthalein  as  indicator. 

The  several  analyses  represent  samples  prepared  at  different 
times. 
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7.12 
7.22 


64.70  8.96 


as  indicator 
cc. 

22.727 
21.56 

22.49 
22.66 


indicator, 
cc. 

22.727 
22.41 
22.44 
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The  composition  was  further  fixed  by  the  determination  of  the 
weight  of  benzenestearosulphonic  acid  obtained  from  the  oleic 
acid  which  entered  into  the  reaction.  From  the  molecular 
weights  of  the  two  compounds,  282  parts  of  oleic  acid  would 
yield  440  parts  of  benzenestearosulphonic  acid,  or  the  yield  on 
100  parts  of  oleic  acid  would  be  156.03. 

An  accurately  weighed,  quantity  of  oleic  acid  was  mixed  with 
benzene  and  then  treated  with  an  excess  of  sulphuric  acid. 
After  removing  the  impurities  soluble  in  acidified  water,  the 
product  was  extracted  with  petroleum  ether,  the  extract  weighed 
and  deducted  from  the  amount  of  oleic  acid  taken.  The  difference 
was  that  which  had  combined  with  benzene  and  sulphuric  acid. 
The  residue  insoluble  in  petroleum  ether  was  also  dried  and 
weighed,  giving  the  yield  of  benzenestearosulphonic ^acid. 

In  two  experiments  100  parts  of  oleic  acid  were  found  to  yield 
151.0  and  156.7  parts  of  benzenestearosulphonic  acid. 

In  this  calculation  there  is  an  error,  in  that  the  petroleum 
extract  does  not  consist  wholly  of  unaltered  oleic  acid,  but  also 
contains  oxystearic  acid  and  anhydrides ;  but  this  error  is  very 
small  considering  the  small  quantity  of  oleic  acid  deducted  as  a 
correction,  and  the  fact,  established  by  an  experiment,  that  the 
weight  of  the  fatty  matter  is  only  slightly  altered  on  treating 
oleic  acid  alone  with  sulphuric  acid  and  then  decomposing  by 
bo;iling  with  water. 

Benzenestearosulphonic  acid  resembles  in  its  physical 
characteristics,  and  also  in  many  of  its  chemical  ones,  the 
stearosulphuric  acid  obtained  by  acting  on^  oleic  acid  in  the  cold 
with  concentrated  sulphuric  acid.  At  100°  C.  the  dry  compound 
is  a  very  viscous  oil,  while  at  ordinary  temperatures  it  is  a  sticky, 
semisolid  mass.     It,  as  well   as  its  mono-  and  di-alkaline  salts. 
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is  soluble  in  water  in  all  proportions,  yielding  colloidal  solutions 
which,  on  agitating,  form  a  strong  lather  and  are  precipitated 
(salted  out)  by  any  strong  acid,  base  or  salt.  The  free  acid  is 
perfectly  stable  in  boiling  water,  even  in  the  presence  of  mineral 
acids,  differing  in  this  from  stearosulphuric  acid.  On  heating 
to  high  temperatures  with  hydrochloric  acid  it  decomposes  only 
very  slowly.  A  small  quantity  heated  in  a  sealed  tube  to  170°  C. 
for  three  and  a  half  hours,  had  decomposed  only  to  the  extent 
of  15  per  cent. 

Benzenestearosulphonic  acid  when  fused  with  caustic  potash 
gives  potassium  sulphite.  Here  again  it  differs  from  stearo- 
sulphuric acid,  which  when  similarly  treated  yields  potassium 
sulphate.  . 

As  shown  by  the  formula,  benzenestearosulphonic  acid  is 
dibasic,  the  two  acid  hydrogens  having  very  different  strengths, 
so  that,  as  has  been  already  pointed  out,  they  can  be 
independently  titrated  with  caustic  soda  solution,  using  different 
indicators. 
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C,,H.(SO.H)C,,H.A. 

This  compound  is  prepared  and  purified  in  a  manner  precisely 
similar  to  that  used  in  the  preparation  of  the  benzene  compound, 
which  it  closely  resembles,  being,  however,  rather  less  fluid  in  its 
character. 

The  analysis  gives  the  following  results  : 
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PHENOLSTEAROSULPHONIC   ACID, 

C.H.OH  (SO.H)  C,,H„0,. 
This  compound  is  prepared    like    the    others    and    closely 
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resembles    them   in   its  character.     The    following    analytical 
results  show  that  the  compound  had  not  been  obtained  pure. 

It/ lo  alkali  required  Additional  «/io  alkali 

to  combine  with  the  required  to  combine  with 

SOtH  srroup  in  i  gram  the  fatty  firroup  in  x  gram 

of  substance.  of  substance. 

Methyl  orange  as  in-  Phenolphthalein  as  in- 
dicator, dicator. 

CC  •  CCa 

Calculated  for 

CeHjOH.SOjH.CigHjjO,.  21.929  21.929 

Found     I  24.47  20.39 

•'  2  29.75  20.77 

These  results  clearly  indicate  the  presence  of  a  disulphonic 
acid.  This  I  have  not  yet  attempted  to  separate,  but  its 
quantity  can  be  calculated  and  allowed  for,  and  if  this  is  done  it 
will  be  seen  that  the  figures  will  agree  closely  with  those  required 
by  the  formula. 

In  much  of  the  analytical  work  described  in  this  paper  and 
also  in  the  preparation  of  some  of  the  compounds,  I  ^as  kindly 
assisted  by  Mr.  Wm.  Simonson. 


[Contributions  prom  the  Havemeyer  Laboratories  op  Columbia 

University,  No.  12.] 

A  NEW  INTERRUPTER  FORTHEKOHLRAUSCH-OSTWALD 

CONDUCTIVITY  HETHOD, 

By  J.  Livingston  R.  Morgan. 
Received  December  7,  1899. 

IN  a  recent  paper*  I  described  three  useful  additions  to  the 
Kohlrausch-Ostwald  conductivity  method.  Since  then  an 
improvement  has  been  made  in  the  interrupter,  the  first  of  the 
three  described,  which  simplifies  it  to  such  an  e:^ent  that  a 
description  of  it  is  deemed  advisable.  In  the  apparatus  as  first 
proposed,  the  primary  current  (2-5  volts  from  the  electric  light 
circuit  or  from  storage  cells)  was  used  to  charge  the  vibrating 
wire  as  well  as  to  excite  the  electromagnet.  The  current  from 
the  cell  used  in  the  conductivity  apparatus  was  then  connected, 
through  the  vibrating  wire  and  an  extra  mercury  cup,  to  a  small 
induction  coil  (without  the  breaker),  the  secondary  of  the  coil 
being  connected  to  the  bridge  arrangement  in  the  usual  way. 
The  intermittent  current  produced  by  the  vibrating  wire  and  the 
mercury  cup  becomes  a  rapidly  alternating  one,  such  as  is  desired, 
in  passing  through  the  induction  coil. 

iThis  Journal,  as,  i  (1900}. 
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In  the  new  form,  one  of  the  mercury  cups  is  dispensed  with 
entirely,  and  the  current  from  the, cell  of  the  conductivity  appa- 
ratus alone  goes  through  the  wire  causing  it  to  vibrate,  and 
thus  with  the  mercury  cup  to  make  and  break  the  .circuit.  In 
the  Pupin  arrangement*  using  the  permanent  magnet,  one  cell  is 

A 


Fig.  u—c  and  d,  the  binding  ^sts  of  the  electromagnet,  are  con- 
nected to  the  electric  light  circait  (3  to  5  volts),  c  is  connected 
under  the  base  to  the  mercury  cup  A '. 

insufficient  to  cause  a  vibration  but  by  the  use  of  an  electro- 
magnet the  strength  of  the  magnetic  field  can  be  so  intensified 
that  the  wire  is  repelled  even  when  carrying  a  very  small 
current.     Fig.   i   shows  the  arrangement  of  the  new  form  of 


To f.  Fig,  2 


To  e^Fig.Z 


Fig.  2.— R  is  the  known  resistance,  W  the  electrolytic  cell,  I  the  coil,  L  the  Lelanch6 
cell  and  T  the  telephone.     The  current  breaker  of  the  coil  I  is  removed. 

apparatus.  The  electromagnet  is  excited  by  a  current  of  from 
2  to  5  volts  entering  at  the  posts  c  and  d.  The  current  from  the 
battery  L  (Fig.  2)  is  connected  to  the  primary  of  the  induction 
coil  /  through  the  posts  ^  and /(Fig.  i).     The  dipper  of  the 

1  Am.  J.  Sci'-iFsl.  45.  325  (1893). 


28  VICTOR  LENHER  AND  J.  LIVINGSTON  R.  MORGAN. 

wire  A  is  in  contact  with  mercury  A*  in  the  adjustable  cup,  which 
is  connected  by  a  wire  under  the  base  to  the  post  e.  The  current 
then  goes  from  one  pole  of  the  battery  L  to  fy  A,  A\  e  and  then 
through  the  primary  of  the  induction  coil  back  to  the  other  pole. 
When  the  current  is  passing  through  the  wire  the  magnet  will 
repel  the  wire,  and  if  the  cup  -^'  is  at  the  proper  height  the  con- 
tact with  the  mercury  will  be  broken  and  since  the  wire  when 
uncharged  is  not  affected  by  the  magnet  its  tension  will  make  the 
contact  once  again  and  the  same  process  will  be  repeated.  The 
tension  of  the  wire  and  consequently  the  rapidity  of  vibration, 
nlay  be  altered  by  the  screw  devices  at  each  end. 

This  new  form  of  apparatus  is  not  only  simpler  in  construction 
than  the  original,  but  is  also  much  more  readily  adjusted  and 
kept  in  adjustment.  In  the  earlier  form  with  two  mercury  cups 
it  is  necessary  that  the  wire  vibrate  in  such  a  way  that  loops  are 
formed  at  the  two  cups,  so  that  the  original  adjustment  is  more 
difficult  to  make  and  a  variation  in  the  number  of  vibrations  per 
second  is  less  easy  to  arrange.  If  three  or  more  pieces  of  con- 
ductivity apparatus,  each  with  its  cell,  are  connected  to  the  same 
vibrator,  a  smaller  voltage  may  be  used  for  the  electromagnet, 
for  the  voltage  in  the  wire  is  much  greater  and  consequently  the 
strength  of  the  magnetic  field  may  be  much  reduced  and  still 
give  the  same  result. 


[Contributions  from  the  Havemeyer  Laboratories  of  Columbia 

University,  No.  13.] 

THE  SPECIFIC  GRAVITY  AND  ELECTRICAL   RESISTANCE 

OF  HETALLIC  TELLURIUn. 

By  Victor  Lenhbr  and  J.  Livingston  R.  Morgan. 
Received  January  a,  1900. 

IN  this  Journal*  one  of  us  described  the  preparation  of 
metallic  tellurium  by  means  of  the  reduction  of  an  alkaline 
solution  of  the  oxide  of  tellurium  with  sugar.  A  description  was 
given  in  that  paper  of  the  means  used  to  test  the  tellurium  for 
impurities.  The  tellurium  obtained  by  reducing  with  sugar  was 
found  to  be .  volatile  in  hydrogen  gas  leaving  no  residue.  Its 
oxide  was  found  to  be  completely  volatile  in  hydrochloric  acid 
gas. 

1  Lenher  :  This  Journal,  ai,  348. 
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As  a  further  means  of  establishing  the  purity  of  the  metal,  a 
few  physical  tests  were  made.  The  specific  gravity  was 
carefully  determined  and  a  great  deal  of  time  was  spent  in 
attempting  to  determine  its  electrical  resistance. 

Determination  of  the  Specific  Gravity, — For  this  purpose, 
material  was  selected,  which  had  been  twice  distilled  in  hydro- 
gen. 

The  metal  was  finely  powdered,  as  a  number  of  preliminary 
experiments  showed  that  owing  to  the  great  crystalline  tendency 
that  the  metal  exhibits,  it  is  almost  impossible  to  obtain  a  speci- 
men of  any  size  which  does  not  contain  gas.  Consequently,  it 
was  found  that  reasonably  constant  results  could  be  obtained  only 
when  the  metal  was  carefully  broken  up. 

The  experiments  were  carried  out  in  an  ordinary  15  cc.  pyc- 
nometer,  pure  water  being  used  as  the  medium.  The  tempera- 
ture was  20"*.  In  order  to  expel  the  adhering  air  bubbles,  the 
water  with  the  metal  was  heated  and  the  vessel  allowed  to  stand 
over  night  to  cool. 


Weight  tellurium  taken. 

Sp.gr. 

Experiment  i . .  •  - 

11.9727 

6.194 

2 

1 1. 9146 

6.200 

3 

16.0946 

6.204 

Mean 

6.1993 

This  figure  is  a  trifle  less  than  that  obtained  by  Spring'  but  is 
almost  identical  with  that  obtained  by  Klein  and  Morel*.  The 
latter  chemists  obtained  the  figures  6.204  and  6.215,  while  Spring 
obtained  a  figure  slightly  higher,  6.22. 

The  latest  figure  previous  to  our  work  is  by  Priwoznik'  who 
obtained  6.2459  at  18.2'*. 

Determination  of  the  Electrical  Resistance, — For  the  determina- 
tion of  the  electrical  resistance  of  a  metal,  it  is  advisable  to 
obtain  great  length  and  small  diameter  of  the  substance. 
With  tellurium  this  is  almost  impossible.  The  metal  is 
extremely  crystalline,  more  strongly  so  than  any  metal  which 
has  come  into  our  hands.  As  a  result  of  this  tendency,  the 
metal,  when  of  small  diameter  and  possessing  any  appreciable 
length,  is  so  weak  that  a  rod  grasped  by  the  end  will  snap  off, 
it  not  being  able  to  sustain  its  own  weight. 

1  Bull,  Acad.  Roy.  Belg.  [3],  a,  88-110  (i88i). 
a  Ann.  Chem.  (Uebig),  [6],  5,  61 
B  Chem.  Cenirdl.,  1,  963  (1892). 
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It  is  not  practical  to  cast  the  metal  in  cold  moulds.  Various 
attempts  were  tried  in  this  direction  but  proved  unsuccessful. 
The  best  method  for  obtaining  a  suitable  section  was  found  to  be  to 
melt  the  metal  ip  a  thin  glass  tube  of  comparatively  narrow  bore. 
To  this  end  an  open  glass  tube  was  placed  in  an  inclined  com- 
bustion furnace  and  inside  of  it  was  introduced  a  smaller  tube 
closed  at  one  end  and  containing  the  metal  to  be  fused.  The 
fusion  took  place  at  a  low  red  heat,  while  in  the  liquid  condi- 
tion, the  tube  was  gently  tapped  until  all  of  the  gas  escaped. 

Slow  cooling  tends  to  produce  larger  crystals  and  the  metal  is 
correspondingly  more  brittle.  Rapid  cooling,  on  the  other  hand, 
gives  smaller  crystals,  but  the  difference  in  resistance  is  not 
apparent.  The  most  satisfactory  results  were  obtained  by  jack- 
eting the  tube  of  molten  tellurium  with  a  larger  tube  also  con- 
taining fused  metal.  Although  in  this  instance  the  metal  cooled 
under  the  pressure  of  the  shell  in  the  jacket,  the  only  apparent 
difference  was  that  longer  sticks  could  be  obtained. 

From  the  many  fusions  that  have  been  made  in  this  laboratory, 
it  appears  that  tellurium  on  cooling,  first  contracts  until  it  solidi- 
fies, then  slightly  expands.  As  an  example  of  this  may  be  noted 
that  each  stick  contained  a  depression  in  its  upper  part,  which 
extended  about  one-fifth  of  the  entire  length'  and  that  the  tubes 
always  cracked  just  after  the  metal  solidified.  The  tubes  invari- 
ably cracked  at  this  time,  no  matter  how  carefully  they  had  been 
annealed,  nor  how  slowly  they  were  cooled. 

In  order  to  obtain  the  best  possible  contact,  a  piece  of  rubber 
tubing  was  drawn  over  each  end  of  the  stick  to  be  measured  and 
the  tubes  filled  with  mercury.  The  latter  was  connected  with  a 
small  dry  battery,  a  wheatstone  bridge  and  galvanometer  being 
in  the  circuit. 

No,  I, — Length,  lOo  mm.,  diameter,  7.42  mm.  Resistance  at 
20°  =  1 .38  legal  ohms.     Specific  resistance  =  596.6. 

No,  2, — Length  162  mm.,  diameter,  8.89  mm.  Resistance  at 
20°  =1.23  legal  ohms.     Specific  resistance  =  463.6. 

No,  J, — Length,  137  mm.,  diameter,  8.255  ni™«  Resistance  at 
20°  =  1.46  legal  ohms.     Specific  resistance  ^  569.9. 

No.  4, — Length,  103  mm.,  diameter,  3.43  mm.  Resistance  at 
20**  =  3.68  legal  ohms.     Specific  resistance  =  330.1. 

1  This  portion  was  always  removed  before  measurements  were  made. 
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No.^. — Length,  82  mm.,  diameter,  3.43  mm.  Resistance  at 
20*  =  2.48  legal  ohms.     Specific  resistance  =  279.4. 

This  specimen  was  a  piece  of  No.  4  after  a  portion  had  been 
broken  off. 

No.  6, — Length,  84.5  mm.,  diameter,  3.05  mm.  Resistance  at 
20"  =  5.88  legal  ohms.     Specific  resistance  =  508.3. 

No,  7. — Length,  86.1mm.,  diameter,  4.83  ram.  Resistance  at 
20**  =  5.37  legal  ohms.     Specific  resistance  =  1 152. 

On  close  examination  this  bar  was  found  to  be  cracked. 

No,  8, — Length,  57.5  mm.,  diameter,  2.92.  Resistance  at 
20**  =  4.68  legal  ohms.     Specific  resistance  =  544.5. 

A.S  all  of  the  bars  showed  a  strong  cleavage  on  the  ends,  the 
measurements  could  only  be  approximate,  and  when  ^hey  are 
calculated  to  the  standard  conditions,  one  meter  in  length,  with 
a  cross  section  of  one  mm.,  the  errors  of  measurement  are  corre- 
spondingly multiplied. 

By  using  an  ordinary  copper  clamp  contact,  almost  any  resis- 
tance can  be  obtained  according  to  the  amount  of  pressure 
exerted  by  the  clamp ;  no  difference  in  resistance  could  be 
detected  when  working  in  the  light  or  dark. 

By  comparison  of  the  results  obtained,  it  will  be  observed  that 
the  mean  would  be  about  500 ;  however,  from  the  great  ten- 
dency to  crystallization  that  the  metal  shows,  it  would  seem 
more  probable  that  the  lowest  result  more  nearly  approaches  the 
true  figure.  As  gas  carbon  has  a  specific  resistance  equal  to  50, 
the  resistance  of  tellurium  is  seen  to  be  enormous.  The  result 
obtained  by  Matthieson,*  0.000777  for  the  conductivity  compared 
with  silver  as  100,  would  give  a  specific  resistance  of  more  than 
2000,  showing  that  the  structure  of  his  metal  must  have  been 
different  from  ours  or  that  different  contact  was  made. 
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EVERY  chemist,  who  has  to  make  many  determinations  of 
magnesia  in  water,  cement  or  other  material,  appreciates  the 
difficulties  surrounding  the  gravimetric  process.  These  diffi- 
culties chiefly  arise  from  the  fact  that  the  change  from  magne- 

1  Pogg.  Ann.,  zos,  4.2S. 
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sium  ammonium  phosphate  to  the  pyrophosphate  of  magnesia  is 
attended  by  a  rapid  consolidation  or  sintering  of  the  mass.  By 
this  means  particles  of  carbon  from  the  filter-paper  are  often 
firmly  enclosed  in  the  lumps  of  precipitate. 

If  gradual  heating  over  a  Bunsen  burner  is  continued  long 
enough,  fifteen  minutes  over  the  blast-lamp  with  crucible 
inclined  and  cover  placed  in  a  position  to  facilitate  oxidation, 
will  give  a  pure  white  pyrophosphate.  If,  however,  the  prelimi- 
nary heating  proceeds  too  rapidly,  or  is  not  continued  long 
enough  before  applying  the  blast,  it  is  almost  impossible  to  burn 
off  all  the  carbon. 

The  method  recommended  by  Fresenius  for  completing  the 
oxidation  of  such  material  by  treatment  with  nitric  acid  followed 
by  CT^aporation  and  re-ignition,  yields  a  pure  white  residue,  but 
the  result  is  invariably  low.  The  author  found  that  pure  mag- 
nesium pyrophosphate  when  so  treated  lost  weight  every  time, 
although  no  mechanical  loss  took  place.  Moreover,  repetition 
of  the  treatment  caused  further  serious  loss.  Constant  weight 
was  not  reached. 

No  one  who  has  adopted  the  volumetric  method  for  determin- 
ing calcium  oxalate  by  means  of  standard  permanganate  would 
ever  go  back  to  the  gravimetric  way.  WJien  a  simple  and 
accurate  method  for  the  volumetric  determination  of  .magnesia 
appears,  it  will  be  equally  useful. 

The  alkalimetric  method  published  by  Stolba  in  i866\  referred 
to  by  Sutton,  Hart,  Meade*  and  others,  has  not  come  into  gen- 
eral use.     The  reaction  is : 

MgNH.PO,  +  H,SO,  =  MgSO,  +  NH,H,PO,. 

Its  unpopularity  Js  doubtless  due  to  the  use  of  alcohol  for  re- 
moving the  ammonia  wash  from  the  magnesium  ammonium 
phosphate  precipitate,  it  being .  an  expensive  and  tedious 
procedure. 

Meade  proposes  a  radical  change  from  the  Usual  phosphate 
method.  He  estimates  the  magnesia  by  precipitating  it  as 
arsenate  and  determines  by  standard  thiosulphate  the  amount  of 
iodine  which  a  hydrochloric  acid  solution  of  the  precipitated 
arsenate  liberates  from  potassium  iodide.     The  procedure  seems 

1  Chem.  Cenlrbl.y  728  (1866). 
a  This  Journal,  ai,  746  (1899). 
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rapid  and  accurate,  but  it  would  appeal  only  to  those  who  prefer 
an  iodometric  to  an  alkalimetric  method. 

The  writer  has  endeavored  to  eliminate  the  objectionable 
feature  of  Stolba's  method  by  discarding  alcohol  and  removing 
the  free  ammonia  from  the  phosphate  precipitate  by  taking 
advantage  of  the  volatility  of  ammonia. 

It  was  necessary  to  find  some  way  of  expelling  the  ammonia 
without  in  any  way  affecting  the  integrity  of  the  phosphate 
which  should  remain.  In  view  of  the  fact  that  Presenius, 
Roscoe  and  Schorlemmer,  and  other  authorities  all  agree  that  the 
only  change  which  MgNH^P0^.6H,0  suffers  at  100®  C,  is  the 
loss  of  5  molecules  of  water  of  crystallization,  it  seemed  a  simple 
thing  to  put  filter  and  precipitate  into  50  cc.  of  distilled  water, 
and  after  removing  the  ammonia  by  boiling  down  to  30  cc,  to 
cool,  add  a  measured  excess  of  standard  acid  to  dissolve  the 
precipitate,  and  then  to  titrate  back  with  standard  alkali.  After 
many  trials  in  which  the  results  were  all  low  and  irregular  this 
method  was  abandoned.  Evidently  some  change  of  composition 
took  place  at  100°  C.  under  these  conditions. 

Other  means  of  subjecting  the  ammoniacal  precipitate  to  this 
temperature  were  tried.  The  filters  containing  the  precipitates 
were  spread  out  flat  on  strong  5-inch  filters,  and  were  placed, 
one  set  at  a  time,  in  a  funnel  through  which  a  current  of  steam 
was  rising,  and  allowed  to  remain  for  ten  minutes.  The 
ammonia  was  expelled,  but  the  results  by  titration  were  still  low, 
although  absolutely  no  mechanical  loss  or  loss  by  solution  took 
place.  There  was  a  loss  in  alkalinity  due  to  a  chemical  change 
other  than  the  loss  of  water  of  crystallization. 

Thinking  that  the  presence  of  water  in  the  one,  and  of  steam 
in  the  other  of  these  experiments,  might  have  brought  about  a 
change  which  temperature  alone  could  not  have  accomplished,  a 
set  of  experiments  were  made  wherein  the  filters  and  precipitates 
were  dried  in  an  oven  at  loo**  C. ,  away  from  all  but  the  moisture 
which  they  at  first  contained.  By  this  means  also,  low  results 
were  obtained. 

It  was  then  apparent  that  no  rapid  or  satisfactory  method 
could  be  based  on  titration  of  magnesium  ammonium  phosphate 
which  had  been  dried  at  100°  C,  or  even  heated  to  that  tem- 
perature without  drying.     Although  the  change  in  alkalinity 
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might  b6  perfectly  definite  and  complete,  it  would  require  much 
longer  for  large  precipitates  to  be  completely  transformed  than 
for  small  ones,  and  irregular  results  would  surely  be  obtained. 

Before  rejecting  the  statement  of  such  eminent  authorities 
with  regard  to  the  effect  of  drying  magnesium  ammonium  phos- 
phate at  ioo°  C. ,  it  was  thought  best  to  completely  eliminate  the 
moisture  element  from  the  experiment. 

A  quantity  of  the  pure  salt  was  prepared  by  precipitation 
under  standard  conditions  from  a  solution  of  magnesium  chloride. 
After  washing  thoroughly  with  lo  per  cent,  ammonia  wash  (i 
part  of  ammonium  hydroxide,  sp.  gr.  0.90,  mixed  with  9  parts  of 
water) ,  the  precipitate  was  spread  out  on  filter-paper  and  allowed 
to  dry  in  the  air.  It  was  then  dried  over  sulphuric  acid,  after 
which  it  was  ground,  mixed  and  placed  in  a  stoppered  bottle. 
Weighed  portions  were  then  tested  for  purity,  and  this  having 
beien  established,  the  property  in  question  was  examined  into. 

Properties  of  MgNH^PO^.SHjO. 

Statement  of  Actual 

authorities.  facta. 

Per  cent.  Per  cent. 

Loss  of  weight  at  ioo°  C.  (water,  etc.) 36.70  41-43 

Yield  of  Mg^PjO,  on  ignition 45.34  45-59 

Cc.  -Q  HjSO^  for  I  gram  before  100°  drying  ....  82.05  81.94 

The  same  if  dried  at  100®  C.  beforehand 82.05  54-59 

Loss  of  original  alkalinity  at  100^  C.  (percent.)  00.00  33-38 

The  author  does  not  wish  to  be  understood  as  saying  that  the 
first  column  in  the  above  table  represents  verbatim  the  state- 
ments of  Fresenius  and  others,  but  that  it  does  represent  the 
exact  results  which  would  follow  if  their  statements  were  true. 

By  comparing  the  magnesium  oxide  value  of  decinormal  sul- 
phuric acid  when  used  on  air-dried  MgNH^P0^.6H,0  with  the 
value  when  a  weighed  amount  of  the  same  salt  is  heated  to 
constant  weight  at  100°  C.  before  titration,  it  will  be  seen  that 
the  difference  is  very  great. 

I  cc.  TI7  H,SO^  =  0.002  gram  MgO  in  the  air-dried  salt. 

I  cc.  tV  H,S0^  =  0.003  gram  MgO  in  the  same  material  if  first 
dried  at  100°  C. 

Although  the  definiteness  of  this  change  is  now  firmly  estab- 
lished, the  formula  of  the  compound  which  is  formed  at  100''  C, 
has  not  yet  been  determined. 
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The  folly  of  drying  at  loo*  C.  as  a  preliminary  to  the  titration 
of  MgNH^P0^.6H,0  having  been  established,  the  author  deter- 
mined to  ascertain  the  speed  with  which  ammonia  evaporated 
from  phosphate  precipitates  at  ordinary  temperature.  It  was 
found  that  if  filters  containing  precipitates  were  opened  flat  after 
washing,  and  placed  face  upward  on  heavy  dry  filter-paper  of 
the  sort  made  by  Whitall,  Tatum  &  Co.,  for  druggist's  use,  the 
bulk  of  the  moisture  would  be  drawn  out  in  a  few  minutes,  and 
if  transferred  then  to  a  second  dry  paper  and  allowed  to  stand 
for  half  an  hour  to  one  hour,  the  ammonia,  so  far  as  its  power  of 
neutralizing  a  measurable  quantity  of  acid  was  concerned,  had 
entirely  disappeared.  When  the  filter-papers  have  become  dry 
for  a  distance  equal  to  one-fifth  of  the  diameter  of  the  paper, 
measured  from  the  outer  rim,  it  is  certain  that  the  ammonia  has 
been  expelled.  This  is,  of  course,  based  on  the  assumption  that 
the  precipitate  is  distributed  fairly  evenly  over  the  rest  of  the 
paper. 

Methyl  orange  was  the  indicator  used,  and  in  all  cases  a  clear 
yellow  was  considered  the  end-point  when  using  decinormal 
sodium  hydroxide  to  measure  the  excess  of  decinormal  sul- 
phuric acid. 

Titration  of  MgNH^PO^.eHjO. 


Time  for 

precipitation. 

Hrs.  Min. 

Time  of 

drying, 

Hrs.  Bfin. 

Tempera> 
ture. 

MgO  used. 
Gram. 

MffO  found. 
Gram. 

Error. 
Gram. 

I 

3 

o 

18 

6 

2I<»C 

0.00475 

0.00478 

0.0000^, 

2 

3 

o 

18 

6 

0.01900 

0.01900 

0.00000 

3 

3 

o 

18 

6 

0.02375 

0.02377 

0.00002 

4 

3 

o 

18 

6 

0.04750 

0.04785 

0.00035 

5 

30 

2 

0 

19 

0.02375 

0.02377 

0.00002 

6 

30 

2 

30 

19 

0.02375 

0.02377 

0.00002 

7 

30 

3 

0 

19 

0.02375 

0.02377 

0.00002 

8 

30 

3 

20 

•19 

0.02375 

0.02377 

0.00002 

9 

30 

2 

0 

19 

0.02375 

0.02377 

0.00002 

lO 

30 

I 

0 

19 

0.02375 

0.02377 

0.00002 

II 

30 

I 

0 

21 

0.04750 

0.04775 

0.00025 

12 

30 

I 

30 

21 

0.01907 

0.01990 

0.00083 

13 

30 

I 

30 

21 

0.01907 

0.01930 

0.00023 

14 

30 

21 

0.03814 

0.03830 

0.00016 

15 

30 

I 

30 

21 

0.05720 

0.05740 

0.00020 

i6 

30 

I 

21 

0.05720 

0.05780 

0.00060 

17 

30 

30 

21 

0.01907 

0.01920 

0.00013 

i8 

30 

30 

21 

0.01907 

0.01920 

0.00013 
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Time  for           lime  of 
precipitation .       dryi  ng. 
Hrs.  Min.        Hrs.  Min. 

Tempera- 
ture. 

M?0  used. 
Gram. 

MgO  found. 
Gram. 

Krror. 
Gram. 

19 

30 

0 

45 

21 

0.03814 

0.03830 

0.00016 

20 

30 

I 

15 

21 

0.03814 

0.03800 

aoooi4 

21 

30 

I 

0 

21 

0.05720 

0.05670 

0.00050 

22 

30 

I 

0 

21 

0.05720 

0.05680 

0.00040 

23 

30 

0 

25 

65 

unknown 

0.05650 

24 

30 

0 

25 

65 

unknown 

0.05650 

25 

30 

I 

15 

21 

unknown 

0.05650 

26 

0 

I 

0 

21 

0.04767 

0.0471 I 

0.00056 

27 

0 

0 

20 

59 

0.04767 

0.04771 

0.00004 

28 

0 

0 

40 

f  62  av. 
\  66  max. 

0.04767 

0.04671 

0.00096 

29 

0 

I 

0 

f  62  av. 
\  66  max. 

0.04767 

0.04631 

0.00136 

30 

r   5  shaking 
\  30  standing 

}6. 

21 

0.00095 

0.00090 

0.00005 

31 

1   ^' 

shaking 
standing 

}^ 

21 

0.00048 

0.00050 

0.00002 

Experiments  like  the  above  prove  the  accuracy  of  the  alkali- 
metric  method  for  magnesia  determination.  The  cases  of  sig- 
nificant error  in  the  table  may  be  divided  into  those  caused  by 
imperfect  removal  of  the  ammonia  (Nos.  12  and  16) ;  those  caused 
by  drying  too  long  and  at  too  high  a  temperature  in  the  oven 
(Nos.  28  and  29);  those  doubtless  caused  by  imperfect  manipu- 
lation (Nos.  21,  22,  and  26);  and,  finally,  those  inherent  in  the 
process  itself.  The  latter  are  all  very  small  if,  indeed,  they 
exist  at  all.     Experiments  23,  24,  and  25  are  comparative  only. 

Experiments  Nos.  30  and  31  show  not  only  the  extreme  deli- 
cacy of  tjie  reaction  on  which  the  method  depends,  but  they 
show  how  rapid  the  reaction  is,  even  in  very  dilute  solutions,  and 
how  insoluble  the  phosphate  is  in  10  per  cent-  ammonia  wash. 

It  was  found  that  five  minutes'  shaking  in  a  stoppered  fiask  at 
ordinary  temperature  sufficed,  if  followed  by  fifteen  minutes' 
standing,  to  completely  precipitate  any  magnesia  solution  con- 
taining as  much  as  0.002  gram  of  magnesium  oxide  in  100  cc. 
With  amounts  exceeding  0.05  gram  per  100  cc,  it  is  believed 
that  filtration  could  be  begun  in  five  minutes  after  the  end  of 
the  shaking  process. 

In  order  to  ascertain  what  temperature  could  be  safely  used 
to  expedite  the  expulsion  of  ammonia  from  the  phosphate  pre- 
cipitates, a  series  of  experiments  were  made.    It  was  found  that 
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at  55^  C.  there  was  no  appreciable  loss  of  alkalinity  but  that  at 
65°  a  loss  of  I  per  cent,  had  taken  place.  Several  experiments  in 
which  the  filters  and  precipitates  were  removed  from  the  oven  as 
soon  as  the  outer  half-inch  of  the  papers  were  dry,  gave  identical 
results  with  air-drying  at  2i°C.  From  fifteen  to  thirty  minutes 
in  the  oven  at  50**  to  60°  C.  suffices.  If  the  drying  of  the  precipi- 
tate proceeds  too  far,  solution  in  decinormal  sulphuric  acid  is 
slow.  If,  however,  the  drying  is  stopped  at  the  point  described 
there  is  enough  moisture  left  so  that,  on  stirring,  the  precipitate 
blends  quickly  with  the  acid  and  soon  dissolves. 

For  the  drying  a  large,  rectangular,  double- walled  oven  of  the 
kind  sold  with  oil  or  gas  stoves  is  cheap  and  convenient. 

Unless  magnesia  determinations  are  constantly  being  made,  it 
will  often  be  more  convenient  to  let  the  precipitates  ait-dry  than 
to  use  an  oven. 

The  tendency  of  magnesia  to  precipitate  with  iron  and  alumina 
and  with  calcium  oxalate  must  be  met  by  re-solution  in  hydro- 
chloric acid  and  reprecipitation.  When  the  amount  of  lime  is 
considerable,  it  is  best  to  burn  off  the  first  oxalate  precipitate 
before  dissolving  in  hydrochloric  acid.  By  this  means  the  oxa- 
late is  decomposed  and  the  addition  of  ammonia  alone  does  not 
cause  its  sudden  reprecipitation.  Even  in  the  second  precipita- 
tion, if  the  boiling  is  allowed  to  proceed  longer  than  is  necessary 
to  make  the  finely  crystalline  calcium  oxalate  settle  well,  some 
magnesium  oxalate  is  sure  to  precipitate,  betraying  its  presence 
by  its  coarser  texture.  The  solution  for  magnesia  precipitation 
usually  does  and  always  should  contain  in  the  form  of  ammonium 
chloride  the  equivalent  of  5  cc.  of  concentrated  hydrochloric 
acid  per  100  cc. 

THE  METHOD. 

Add  ammonia  (sp.  gr.  0.90),  equivalent  to  one-tenth  of  the 
solution.  Cool  in  water  to  20**  to  25°  C.  Precipitate  by  adding 
slowly  with  constant  stirring  a  saturated  solution  of  sodium 
ammonium  phosphate,  using  i  cc.  for  each  o.oi  gram  magnesium 
oxide.  Stir  vigorously  for  about  five  minutes  or  shake  in  a 
flask  for  an  equal  length  of  time.  In  the  former  case  I'et  the 
solution  stand  until  the  clarification  of  the  upper  liquid  shows 
that  the  reaction  is  complete.     In  the  case  of  flask  precipitations, 
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if  over  0.002  gram  of  magnesium  oxide  is  present  the  solution 
may  be  filtered  in  fifteen  minutes.  Suction  may  be  used  if 
desired  but  if  many  solutions  are  to  be  filtered  at  once  little  is 
gained  by  its  use.  Use  10  per  cent,  ammonia  wash  (one  part 
ammonia  (sp.  gr.  0.90)  to  nine  of  water).  Deliver  it  preferably 
from  an  aspirator  bottle  placed  about  4  feet  above  the  bench. 
Wash  by  decantation  as  far  as  possible.  Finally  wash  the  pre- 
cipitate which  has  gone  on  the  filter,  back  into  the  beaker, 
stir  it  up  with  the  ammonia  wash  and  bring  it  again  completely 
on  the  filter- paper.  Wash  once  more,  leaving  the  upper  edge  of 
the  filter  clear  of  precipitate  so  that  it  can  be  handled.  Avoid 
assembling  all  of  the  precipitate  in  the  apex  but  leave  it  fairly 
evenly  distributed  over  the  lower  two-thirds  of  the  paper.  Allow 
the  precipitates  to  drain  and  then  transfer  each  in  turn  to  a  dry 
5-inch  filter-paper,  allowing  them  to  remain  there  open  and  face 
upward  until  the  bulk  of  the  moisture  has  been  absorbed.  After 
about  three  minutes  transfer  them  to  fresh  dry  filters,  and  in  the 
case  of  heavy  precipitates  to  a  third  set  a  few  minutes  later. 
Then  place  the  filters  on  a  shelf  to  dry  at  the  temperature  of  the 
room  or  place  filter-papers  and  backing  on  the  grating  of  an  air 
oven  having  a  temperature  of  50°  to  60®  C.  After  fifteen  or 
twenty  minutes  in  the  oven  or  forty-five  minutes  in  the  air, 
watch  for  the  time  when  the  filters  have  dried  inward  half  an 
inch  from  the  margin.  This  appearance  has  been  found  to  indi- 
cate that  the  evaporation  has  gone  far  enough  to  insure  the 
expulsion  of  the  free  ammonia.  The  precipitates  and  filters  may 
then  be  removed  and  placed  in  small  dry  beakers  where  they  are 
treated  each  with  a  measured  excess  of  decinormal  sulphuric 
acid,, and  stirred  until  the  papers  are  disintegrated  and  the  pre- 
cipitates dissolved.  Two  drops  of  a  o.i  per  cent,  alcoholic  solu- 
tion of  methyl  orange  are  then  added.  If  this  gives  a  clear 
decided  pink,  enough  acid  has  been  added.  If  it  is  only  faintly 
pink  the  excess  of  acid  is  slight  and  some  minute  particles  may 
have  escaped  solution.  In  such  cases  add  five  cc.  more  decinor- 
mal sulphuric  acid  and  stir  well.  Finally  dilute  to  about  100  cc. 
and  titrate  back  with  decinormal  sodium  hydroxide  solution  to 
the  appearance  of  a  clear  yellow  color,  free  from  all  suggestion 
of  pink. 

I  cc.  jjj  H,SO,  =  0.002  gram  MgO. 
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If  filtrations  have  taken  place  during  the  latter  part  of  the  day 
the  filters  may  be  removed  from  the  funnels  and  allowed  to  stand 
over  night  after  which  they  are  titrated  as  described. 

The  writer  hopes  that  the  simplicity  and  accuracy  of  the 
method  may  render  it  generally  useful. 

PzTTSBURO,  December  25,  1899. 


A  PRELIMINARY  COnnUNICATION  UPON  RICININE. 

By  Thomas  Bvans. 
Received  January  9,  1900. 

TUSON*  obtained  a  substance  crystallizing  in  plates 
which  he  called  ricinine,  by  extracting  castor  beans,  the 
seed  of  the  Ricintis  communis^  with  boiling  water,  filtering,  evap- 
orating to  a  thick  sirup  and  again  extracting  with  boiling  alcohol. 

Tuson  states  that  ricinine  is  soluble  in  water  and  alco- 
hol and  very  little  soluble  in  ether  and  benzene,  and  that 
when  heated  with  solid  potassium  hydroxide  ricinine  evolves 
ammonia. 

He  describes,  but  gives  no  analyses  of  crystalline  compounds 
obtained  by  the  action  of  nitric  acid,  mercuric  chloride,  and 
platinic  chloride. 

No  salts  with  acids,  with  the  possible  exception  of  the  nitric 
acid  salt,  were  obtained  by  Tuson. 

A  few  years  later  Werner*  claimed  that  the  ricinine  of.  Tuson 
contained  no  nitrogen  and  was  the  magnesium  salt  of  an  acid 
with  the  formula  C„H„0,oMg,.2H,0.  To  this  Tuson'  replied 
that  Werner  had  evidently  investigated  an  entirely  different 
substance,  as  his  ricinine  contained  20.79  per  cent,  of  nitrogen. 

Schulze^  obtained  a  nitrogenous  substance  from  the  germinated 
seed  of  Ricinus  communis,  by  extracting  with  alcohol,  distilling 
this  off,  taking  up  the  residue  with  water,  treating  with  tannic 
acid  and  lead  acetate,  filtering,  removing  lead  with  hydrogen 
sulphide,  and  evaporating  the  filtrate  to  small  bulk. 

The  impure  product  was  purified  by  boiling  the  aqueous 
solution  with  animal  charcoal  and  finally  by  crystallizing  from 
absolute  alcohol,  from  which  it  separated  in  small  colorless 
prisms  melting  at  193**  C. 

1  J.  Ckem.  Soc.,  17,  195. 
«  Jsd.  d.  Chem.,  877  (1870). 
»  Ibid.,  877  (1870). 
4  Ber.  d.  chem.  Ges.y  30,  2197. 
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Schulze  says  he  is  unable  to  identify  this  body  with  any  known 
substance  and  calls  it  ricidine,  assigning  it  the  formula  C„H„N,0,. 

Pictet*  gives  ricinine  the  formula  C^Hj^N^O^  but  makes  no 
reference  to  the  original  article  from  which  this  formula  was 
obtained. 

In  the  following  investigation  finely  ground  castor  press  cake, 
known  as  castoi  pomace,  which  was  kindly  furnished  by  The 
Brown  Oil  Co.,  of  St.  Louis,  was  used  as  a  raw  material.  This 
was  extracted  by  both  Tuson's  and  Schulze's  methods  and  in 
each  case  the  same  product  was  obtained,  thus  identifying  the 
ricidine  of  Schulze  with  the  ricinine  of  Tuson. 

Tuson's  method  of  extraction  was  found  to  be  less  satisfactory 
than  that  of  Schulze,  although  the  product  so  obtained  was  much 
lighter  in  color.  It  was  found  advantageous  to  modify  Tuson*s 
process,  and  use  boiling  toluene  instead  of  alcohol  to  extract  the 
residue  from  the  evaporation  of  the  aqueous  extract.  Upon 
sudden  cooling  of  the  toluene  solution  ricinine  deposits  on  the 
sides  and  bottom  of  the  containing  vessel,  in  small,  almost  color- 
less prismatic  crystals,  which  are  frequently  crossed  and  some- 
times whetstone  shaped,  and  which  adhere  tightly  to  the  walls 
of  the  vessel. 

The  ricinine  so  obtained  was  purified  by  recrystallization  from 
alcohol,  from  which  it  deposited  in  small  plates  frequently  united 
to  form  rosettes.  The  melting-point  was  193°  C.  and  the  analysis 
gave  the  following  results,  which  agree  very  well  with  Schulze' s 
figures : 


Calculated  for 

Calculated  for 

Calculated  for 

Ci,H„N,0,. 

C,6H,eN,0,. 

C,eH,«N404. 

Schulze.    . 

Evans. 

Carbon              58.30 

58.54 

58.18 

58.20     58.44 

58.20 

Hydrogen          5.26 

4.88 

5.45 

5-15       5.31 

5.06 

Nitrogen          17.00 

17.07 

16.97 

17.11     17.15 

In  order  to  render  the  extraction  by  Schulze's  method  more 
complete  a  brass  extractor  of  the  Soxhlet  type  was  constructed ; 
this  held  about  900  grams  of  pomace  and  was  surrounded  by  a 
brass  jacket,  forming  an  air  space  between  the  two,  through 
which  the  alcohol  vapor  could  ascend  to  the  return  condenser, 
thus  keeping  the  alcohol  hot  in  the  extractor.  Later  on  it  was 
found  advantageous  to  place  an  additional  jacket  of  asbestos 
around  the  brass  one. 

1  l/cs  Alcaloides  vegetaux,  snd.  ed. 
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The  dark  brown  alcoholic  extract  was  treated  according  to 
Schulze*s  directions,  giving  a  dark  brown  aqueous  solution  of 
ricinine  from  which  yellowish  brown  crystals  deposited  on  stand- 
ing for  twelve  hours  or  longer. 

Further  evaporation  of  the  mother-liquor  gave  a  small  amount 
of  the  substance ;  it  was  found  impracticable  to  further  con- 
centrate the  second  mother-liquor,  but  upon  diluting  it  with 
water,  precipitating  with  subacetate  of  lead,  filtering,  precipita- 
ting out  the  excess  of  lead  with  hydrogen  sulphide,  filtering  and 
evaporating  to  small  bulk,  more  crystals  of  ricinine  wore 
obtained.  An  attempt  to  remove  the  brown  color  of  the  solution 
with  animal  charcoal,  either  before  or  after  treatment  with  sub- 
acetate  of  lead,  proved  unsuccessful. 

The  impure  product  was  purified  by  boiling  its  aqueous 
solution  with  animal  charcoal .  So  prepared  the  substance  showed 
a  melting-point  of  193®  uncorr.,  and  was  evidently  the  same 
as  the  product  obtained  by  the  aqueous  extraction  of  the  pomace, 
as  both  gave  the  reddish  purple  color  obtained  by  Schulze*  by 
dissolving  a  few  crystals  in  concentrated  nitric  acid,  evaporating 
to  dryness  on  the  water-bath,  taking  up  with  water  and  again 
evaporating,  and  finally  adding  a  drop  of  ammonia  water. 

To  make  sure  that  the  product  obtained  by  the  extracting  of 
the  castor  pomace  was  the  same  as  Tuson  obtained  by  the 
extraction  of  the  beans,  a  quantity  of  these  were  extracted  by 
his  process  and  yielded  a  crystalline  substance  melting  at  193^ 
and  was  evidently  the  same  as  the  products  already  described. 

While  it  was  found  that  neither  sample  of  ricinine  gave  pre- 
cipitates with  silver  nitrate,  mercuric  nitrate,  or  mercuric 
chloride,  both  gave  a  feathery  crystalline  product  on  long  stand- 
ing of  a  mixture  of  cold  concentrated  solutions  of  ricinine  and 
mercuric  chloride. 

The  chlorplatinate  described  by  Tuson  seems  to  be  due  to  the 
presence  of  some  more  highly  nitrogenous  body  ;  this  seems 
the  more  probable  when  we  compare  Tuson's  percentage  of 
nitrogen  (20.79  percent.)  with  that  found  by  Schulze  (17. 11 
per  cent.). 

The  writer  has  obtained  the  chlorplatinate  referred  to,  but  in 
each  case  it  was  with  a  ricinine  which  was  manifestly  impure  as 

1  Ber.  d.  chem.  Ges.,  30,  3198. 
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it  melted  partially  at  188®  and  was  completely  melted  at  I90°-I9i®. 
Further  investigations  of    the   double    salt    with    mercuric 
chloride,  the  products  obtained  by  the  action  of  nitric  acid  and 
ammonia,  are  now  in  progress. 

BROMINE   DBRIVATIVB. 

When  bromine  or  bromine  water  is  added  to  a  moderately 
concentrated  solution  of  ricinine  in  water,  the  resultant  red 
solution  decolorizes  very  slowly,  and  upon  heating  on  the  water- 
b^th  to  drive  out  the  excess  of  bromine,  long  colorless  radial 
needles  separate,  either  immediately  after  the  expulsion  of  the 
bromine  or,  if  the  solution  be  more  dilute,  upon  evaporation. 

The  product  was  purified  by  repeated  crystallization  from 
alcohol,  95  per  cent.,  and  upon  heating  in  a  capillary  tube 
darkened  at  22o''-225^  C.  shrinking  at  the  same  time  and  melted 
at  229.5**-230®  under  decomposition  and  evolution  of  gas.  By 
moderately  rapid  heating  the  melting-point  was  found  at  232''. 

Qualitative  tests  showed  the  substance  to  contain  both  bromine 
and  nitrogen.  Upon  boiling  the  aqueous  solution  with  10  per  cent, 
silver  nitrate  there  was  a  very  slight  darkening  of  the  solution  but 
no  precipitation  of  silver  bromide,  thus  showing  the  substance  to 
be  a  bromide  and  not  a  salt  of  hydrobromic  acid. 

The  same  bromide  was  obtained  upon  treating  a  chloroform 
solution  of  ricinine  with  bromine  in  chloroform,  as  follows : 

Two  grams  of  ricinine  were  dissolved  in  about  200  cc.  of  chloro- 
form by  boiling  in  a  flask  connected  with  a  return  condenser  ;  to 
this  solution  12  cc.  of  a  solution  of  10  cc.  of  bromine  in  50  cc. 
chloroform  was  added.  After  about  a  minute  a  considerable 
precipitate  formed  and  settled  to  the  bottom  of  the  flask. 
(Ricinine  floats  on  chloroform  and  it  seems  probable  that  the 
precipitate  consists  of  the  hydrobromic  acid  salt  of  ricinine, 
along  with  some  dibromricinine. ) 

After  boiling  for  ten  minutes  copious  fumes  of  hydrobromic 
acid  were  evolved  from  the  top  of  the  condenser ;  boiling  was 
continued  for  some  time  after  these  fumes  ceased  to  come  off,  in 
all  about  an  hour.  The  precipitate  formed  at  first  did  not 
appreciably  increase  or  diminish  during  the  boiling. 

The  flask  and  contents  were  allowed  to  stand  over  night,  the 
precipitate  filtered  off,  washed  with  chloroform,  and  the  filtrate 
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evaporated  to  dryness  on  the  water-bath,  the  heating  being 
continued  until  the  residue  had  lost  nearly  all  of  its  yellow  color. 
The  weight  of  the  residue,  impure  dibrbmricinine,  equaled  2.06 
grams,  and  the  dried  precipitate  weighed  1.82  grams. 

When  the  precipitate  was  dissolved  in  boiling  alcohol  and  the 
solution  allowed  to  cool,  prismatic  crj'stals  were  obtained  melting 
at  192**  uncorr.,  which  were  evidently  unchanged  ricinine,  as 
they  gave  the  characteristic  reaction  with  nitric  acid  and 
ammonia,  while  the  bromide  gave  no  such  reaction. 

The  weight  of  ricinine  recovered  was  about  i  gram. 

The  residue  from  the  evaporation  of  the  chloroform  filtrate 
gave  beautiful,  long,  brittle  needles,  generally  radiating  in 
clusters  from  several  points,  and  whose  length  was  largely 
dependent  upon  the  diameter  of  the  beaker  and  the  depth  of  the 
solution.  These  crystals  gave  the  same  melting-point,  230®  C, 
as  those  obtained  by  brominating  in  aqueous  solution,  which 
would  seem  to  indicate  that  ricinine  was  an  acid  amide  or 
perhaps  a  diureide.  It  was  at  first  thought  that  it  might  be  a 
substituted  uric  acid,  but  the  fact  that  the  murexide  test  fails  to 
give  the  characteristic  color,  when  performed  with  potassium 
chlorate  and  hydrochloric  acid,  or  with  dilute  nitric  acid,  makes 
this  seem  doubtful. 

The  analysis  of  the  recrystallized  bromide  gave  the  following 
results : 

Water  of  crystallization,  none. 

I.  0.3525  gram  substance,  dried  at  120®,  gave  0.5173  gram 
carbon  dioxide,  and  0.1084  gram  water. 

II.  The  substance  was  recrystallized  from  absolute  alcohol  and 
0-2055  gram  substance,  dried  at  120^,  gave  0.3000  gram  carbon 
dioxide,  and  0.0561  gram  water. 


Calculated  for 

Calculated  for 

C,6H,4Br,N404. 

C,«H,«Br,N404. 

I. 

II. 

Carbon 

39-53 

39-99 

40.02 

39.81 

Hydrogen 

2.88 

3-27 

341 

3.03 

Bromine 

32.92 

32.79 

32.343 

•  •  •  • 

Nitrogen 

11.52 

11.42 

12.28 

11.97 

The  discrepancy  between  the  results  obtained  and  the  theory 
is  probably  due  to  impurity  in  the  form  of  ricinine.  Lack  of 
substance  has  prevented  a  more  careful  separation  of  the  dibromide 
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from  possible  impurity;  but  with  more  substance  more  satisfactory- 
results  are  expected. 

The  formula  Cj,H„N,0,  proposed  by  Schulze  does  not  suit  the 
bromine  derivative  as  well  as  the  ones  suggested  above,  as 
Ci,H„BrN,0,  calls  for  24.54  per  cent,  of  bromine  and 
C„H„Br,N,0,  for  39.50  per  cent. 

Ricininedibromide  is  soluble  in  about 200  parts  of  93  percent, 
alcohol  and  in  practically  the  same  amount  of  water;  it  is  rather 
less  soluble  in  chloroform.  Prom  dilute  solutions  in  alcohol  or 
water  it  crystallizes  in  long  needles,  while  from  more  concentrated 
solutions  it  is  obtained  as  a  mass  of  short,  silky,  white  needles. 

So  far  all  attempts  to  make  a  bromide  containing  less  bromine 
have  proved  unsuccessful,  the  same  product  being  obtained  with 
varying  amounts  of  bromine. 

Ricinine  dibromide  is  soluble  in  hot,  dilute,  or  concentrated 
hydrochloric  acid  and  separates  out  unchanged  on  cooling. 
When  treated  with  concentrated  nitric  acid  and  ammonia  as 
described  under  ricinine,  it  gives  no  characteristic  color. 

Its  aqueous  solution  appears  to  be  neutral,  and  it  was  found 
impossible  to  prepare  double  salts  with  platinic  or  auric  chloride. 

OXIDATION   OF   RICININE. 

Schulze  states  that  upon  oxidizing  ricidine  with  potassium 
bichromate  and  sulphuric  acid  an  odor  of  hydrocyanic  acid  was 
obtained,  but  does  not  mention  other  oxidation  products. 

Upon  treatment  of  an  alkaline  solution  of  ricinine  with 
potassium  permanganate,  the  latter  was  almost  immediately 
reduced,  the  reduction  being  accompanied  with  a  faint  odor  of 
hydrocyanic  acid.  Upon  filtering  off  the  oxide  of  manganese 
a  colorless  solution  was  obtained,  which  became  red  with 
a  yellow  fluorescence  upon  acidifying  with  hydrochloric  acid ; 
when  heated,  on  the  water-bath  the  solution  became  more 
intensely  colored,  and  upon  evaporation  and  subsequent  cooling, 
beautiful,  long,  wavy,^  salmon-pink  needles  separated.  These 
proved  to  be  free  from  inorganic  matter  and  were  completely 
decolorized  when  their  aqueous  solution  was  boiled  with  animal 
charcoal. 

The  oxidation  was  carried  out  as  follows : 

One-half  gram  ricinine  was  dissolved  in  20  cc,  of  boiling  water 
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to  which  5.5  cc.  of  approximately  normal  potassium  hydroxide 
were  added.  After  cooling  to  ij^C  a  solution  of  potassium 
permanganate,  containing  5.8  grams  of  the  solid  in  320  cc.  of 
water,  was  slowly  added  until  a  further  addition  produced  an 
evolution  of  a  few  bubbles  of  gas;  in  all  16  cc.  of  the  permanganate 
were  added. 

The  flask  and  contents  were  then  allowed  to  stand  for  five 
hours;  the  oxide  of  manganese,  which  had  settled,  was  filtered 
off  after  being  washed  by  decantation.  The  filtrate  and  washings 
equaled  100  cc. 

The  colorless  alkaline  solution  was  heated  on  the  water-bath, 
and  made  faintly  acid  with  hydrochloric  acid,  when  a  few 
bubbles  of  carbon  dioxide  were  evolved  and  the  solution  became 
red.  Upon  evaporation  until  crystals  were  deposited  on  the 
sides  of  the  dish  at  the  level  of  the  liquid,  and  then  allowing  to 
stand,  0.27  gram  of  pink  silky  needles  were  obtained,  melting, 
after  previous  blackening,  at  269.5*.  After  repeated  boiling  of 
the  aqueous  solution  with  animal  charcoal,  the  crystals  were 
obtained  snowy  white ;  it  was  impossible  to  remove  all  of  the 
color  from  the  mother-liquor. 

The  purified  substance  melted  at  279° — 280°,  becoming  black 
several  degrees  below  the  melting-point. 

The  aqueous  solution  of  the  oxidation  product  is  acid  to  litmus 
paper,  and  forms  crystalline  salts  with  alkalies  as  well  as  with 
silver  nitrate.  A  test  for  the  degree  of  acidity,  using  phenol- 
phthalein  as  an  indicator,  gave  the  following  results : 

0.1079  gram  acid  dissolved  in  50  cc.  of  water  required  7.1  cc. 
standard  alkali  containing  0.00197 1  gram  NaOH  per  cc,  for 
neutralization;  or  0.00805  gram  Xa,  which  equals  7.46  percent.  Na. 

The  acid  contains  nitrogen,  and  on  evaporation  with  nitric  acid 
and  moistening  with  ammonia,  gave  the  reddish  purple  color 
characteristic  of  ricinine,  but  to  a  lesser  degree, — hence  the 
thought  that  this  may  be  due  to  impurity  in  the  form  of 
unoxidized  ricinine. 

A  second  portion  of  i  gram  of  ricinine  was  oxidized  in  the 
manner  already  described,  made  acid  with  hydrochloric  acid,  and 
concentrated  until  6  grams  of  reddish  needles,  mixed  with  dark 
red  prisms,  were  obtained  ;  these  were  filtered  off  and  boiled 
with  benzene  for  several  hours,  when  a  reddish  yellow  solution 
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with  a  green  fluorescence  was  obtained,  the  prismatic  crystals 
being  dissolved  while  the  needle-like  crystals  appear  to  be  quite 
insoluble.  Upon  evaporation  of  the  benzene  solutions  red  pris- 
matic crystals  were  obtained  which  became  colorless  with  am- 
monia, and  on  evaporation  of  the  solution  so  obtained  gave  a 
colorless  crystalline  mass. 

The  difficulty  in  preparing  even  small  amounts  of  ricinine  has 
materially  interfered  with  the  process  of  the  investigation.  The 
writer  is  now  germinating  seed  in  the  dark,  and  hopes  to  be 
able  to  contribute  further  in  the  near  future. 

University  of  Cincinnati, 
December  29,  1899. 


NOTES. 

Retention  of  Moisture  by  Asbestos. — In  the  use  of  the  Gooch 
crucible  error  may  result  from  ignoring  the  fact  that  asbestos 
(some  asbestos  at  any  rate)  retains  moisture  with  great  tenacity, 
so  that  after  being  dried  at  loo®  C.  to  constant  weight,  the  Gooch 
apparatus  will  suffer  a  further  and  notable  loss  of  weight  upon 
ignition  over  a  Bunsen  burner. 

Grams. 

1.  Dried  one  hour  at  100^  C,  weighed 21.0452 

Again  dried  one  hour  at  100^  C,  weighed 21.0450 

Then  ignited  ten  minutes,  weighed 21.0441 

2.  Dried  one  hour  at  100°  C, weighed 21.0436 

Then  ignited  five  minutes,     "        21.0429 

3.  Dried  one  hour  at  100°  C,      *'        21.0418 

Again  dried  one  hour  at  100^  C,  weighed 21.0418 

Then  ignited  five  minutes,  weighed 21.0409 

4.  Dried  two  hours  at  100°  C,       **      20.7304 

Then  ignited  one-fourth,  weighed 20.7293 

5.  Dried  three  hours  at  103"^  C,  weighed 20.8250 

Then  ignited  one-fourth  hour,  weighed 20.8246 

6.  Not  dried  in  air-bath 

Ignited  five  minutes 21.0950 

Then  ignited  again  one  hour 21.0944 

7.  Asbestos  in  larger  quantity  from   a  Hirsch  funnel 

dried  in  a  platinum  crucible  six  hours  at  90°-ioo^  C.  20.2828 
Then  ignited  one  hour 20.2811 

8.  Ignited  in  a  platinum  boat  in  porcelain  combustion 

tube  in  current  of  oxygen,  then  dried  three  hours 

at  100°  C 21.1742 

Then  ignited  one  hour 21.1726 
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The  asbestos  used  in  these  experiments  was,  of  course,  pre- 
viously ignited  and  purified. 

It  is  therefore  necessary,  when  the  weight  of  a  dried  precipitate 
is  to  be  found,  either  to  get  the  preliminary  weight  of  the  Gooch 
crucible  by  drying  the  same  length  of  time,  and  at  the  same  tem- 
perature as  is  intended  with  the  precipitate  ;  or  much  more  con- 
veniently, to  find,  once  for  all,  the  weight  of  the  moisture 
retained  by  the  dried  Gooch  crucible,  and  make  the  necessary  cor- 
rection when  getting  weights  of  precipitates. 

Gborgb  Auchy. 

The  Determination  of  Graphite  by  Loss, — The  figures  given  in 
the  above  note  show  that  it  is  necessary  to  observe  precaution  in 
determining  graphite  in  pig  iron  by  the  method  of  loss  upon 
ignition,  if  the  operator  prefers  the  use  of  asbestos  to  that  of  a 
weighed  paper  disk  or  to  counterpoised  filters.  Although  the 
proposers  of  this  method  of  determining  graphite(£ggertz,Tamm, 
Crobaugh,  Dougherty,  Rodgars)  are  unanimous  in  directing  the 
use  of  weighed  paper  for  filtering,  asbestos  seems  preferable  for  the 
reason  that  by  its  use  the  time  and  labor  of  drying  and  weighing 
the  paper  disk,  or  of  drying  and  counterpoising  the  filters,  is 
saved.  With  asbestos  no  weight  is  taken  except  that  of  the  Gooch 
crucible  plus  graphite,  etc.,  after  drying,  and  again  after  igni- 
tion, the  loss  representing  graphite.  In  the  absence  of  a  Gooch 
crucible  the  filtration  may  be  made  in  a  Hirsch  funnel,  or  a 
Shimer  funnel,  and  the  asbestos  and  graphite  then  transferred  to 
an  ordinary  crucible  with  the  graphite  part  of  the  asbestos 
pressed  against  the  wall  of  the  crucible,  as  is  also  done  when  a 
Gooch  crucible  is  used. 

In  using  this  method  of  loss  upon  ignition  (filtering  through 
counterpoised  filters)  Crobaugh  obtained  somewhat  variable 
results  (3.53  per  cent,  to  3.75  percent.)  which  he  attributed 
chiefly  to  non- homogeneity  of  the  drillings.  The  presepce  of 
hydrated  silica  could  not  serve  as  an  explanation,  because  the 
elimination  of  the  silica  by  the  addition  of  hydrofluoric  acid 
during  solution  of  the  drillings,  is  a  distinguishing  feature  of  his 
method.  The  writer  of  this  note  also  obtained  varying  results 
by  the  method,  which,  in  his  opinion  were  due,  not  to  any  lack 
of  homogeneity  in  the  drillings  (mixed  as  they  were  by  the  aid 
of  alcohol  as  recommended  and  found  necessary  by  Shimer) ,  nor 
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to  the  presence  of  gelatinous  silica  not  completely  dehydrated 
by  the  heat  used  in  drying  the  graphite  (Drown  being  strictly 
followed  in  dissolving  the  drillings  as  in  phosphorus  determina- 
tions) ,  but  probably  to  the  fact  that  graphite  thus  obtained  is 
not  always  pure  carbon,  but  contains  sometimes  other  combusti- 
ble matter — combinations  of  hydrogen,  oxygen,  nitrogen,  and  sul- 
phur in  some  form.  For  smaller  percentages  the  method  may 
serve.  By  combustion  as  usual,  we  obtain  3.21  per  cent.,  3. 24 per 
cent ;  by  lossupon  ignition,  3.35  percent.,  3. 36  per  cent.,  3.38  per 
cent.,  3.20 per  cent. 

That  gelatinous  silica,  if  present,  is  not  dehydrated  by  the 
drying  of  the  graphite,  was  found  by  Tamm.  An  experiment  by 
the  writer  showed  0.0094  gram  water  retained  by  about  0.13 
gram  gelatinous  silica  after  being  dried  as  graphite  is  dried, 

George  Auchy. 

The  Persulp hates  of  Rubidium,  Cesium,  and  Thallium, — In  the 
October  part  of  this  Journal,*  there  is  a  short  paper  by  Foster 
and  Smith  on  the  above  subject.  As  I  have  recently  prepared 
and  partially  investigated  these  salts,  I  consider  it  advisable  to 
publish  the  present  note,  retaining  details  for  a  paper  to  be  pub- 
lished later. 

The  rubidium  and  cesium  salts  were  prepared  from  ammonium 
persulphate  by  double  decomposition,  purified,  and  recrystallized. 
The  crystals  are  not  isomorphous  with  those  of  the  potassium 
salt  (triclinic),  but  with  those  of  the  ammonium  salt  (mono- 
clinic)  .  As  mixtures  of  the  potassium  salt  with  the  others  have 
been  obtained  in  well-formed  monoclinic  crystals,  notwithstand- 
ing a  great  preponderance  of  potassium  salt,  it  is  evident  that 
we  have  here  to  deal  with  an  isodimorphous  group. 

The  thallous  salt  has  not  yet  been  obtained  pure,  but  mixtures 
of  it  with  ammonium  persulphate  have  been  obtained  in  crystals 
isomorphous  with  the  above  monoclinic  group.  As  the  electrol- 
ysis of  thallous  sulphate  solution  would  present  interesting 
peculiarities,  owing  to  the  existence  of  thallic  compounds,  it  was 
decided  to  investigate  that  subject  also.  It  was  found  necessary 
to  delay  this,  however,  to  permit  of  a  preliminary  investigation 
of  thallic  sulphate  and  its  double  salts,  which  is  at  present  being 
carried  out.  Thallous  persulphate,  Tl'jS.Og,  is  isomeric  with 
thallous  thallic  sulphate,  TrTr"(SOJ,  or  Tl,SO,Tl,(SOJ,. 

UNIVERSITY  OF  EniNBURGH,  HUGH  MaRSHAJ.!,. 

October,  1899. 

1  This  Journal,  ax,  934  (1899). 


OBITUARY. 

Sir  Edward  Frankland. 

WE  are  again  called  upon  to  note  the  departure  of  a  co- 
worker and  master  in  our  chosen  field  of  science.  Eulogy 
is  not  necessary.  The  good  he  has  achieved  lives  after 
him,  and  we  would  merely  note  that  the  researches  of  Sir  Edward 
Frankland,  extending  over  a  period  of  thirty  years,  relate  to 
work  in  pure,  applied,  and  physical  chemistry.  Those  in  pure 
chemistry  were  conducted  at  first  in  the  laboratories  of  Playfair, 
Bunsen,  and  Liebig.  They  include  subjects  related  to  each  other 
as  follows :  the  conversion  of  the  cyanogen  group  into  the  carboxyl 
group ;  the  change  of  the  alkyl  cyanides  to  the  corresponding 
organic  acids,  the  saponification  of  ethyl  cyanide  was 
announced  by  Edward  Frankland  and  Hermann  Kolbe  when 
they  were  fellow  assistants  in  Playfair*s  laboratory  in  1845. 
Although  this  reaction  was  not  then  pursued  beyond  the  mono- 
basic acids,  others  applied  it  successfully  in  other  directions. 
Then  followed  the  action  of  metallic  potassium  upon  ethyl 
cyanide  and  the  polymerization  of  the  latter,  the  isolation  of  the 
organic  radicals,  and  the  discovery  of  the  organo-metallic  com- 
pounds. Of  these,  which  were  investigated  by  Frankland 
throughout  his  scientific  career,  were  zinc  methyl  and  zinc  ethyl, 
in  the  study  of  which  the  author  remarks:  **1  had  not  pro- 
ceeded far  in  the  investigation  of  these  compounds  before  the  facts 
brought  to  light  began  to  impress  upon  me  the  existence  of  a 
fixity  in  the  maximum  combining  value  or  capacity  of  saturation 
in  the  metallic  elements  which  had  never  before  been  suspected.** 
The  ready  introduction  of  negative  chlorine  into  bodies  for  a 
more  electropositive  constituent  is  a  fact  to  which  we  give  little 
thought.  **The  inverse  process*'  in  the  day  of  Frankland 
•*had  been  successfully  accomplished  in  comparatively  few 
cases.*'  Through  zinc  methyl  he  succeeded  in  substituting 
methyl,  fethyl,  etc.,  for  electronegative  constituents,  thus 
*  'opening  up  a  most  extensive  and  absolutely  new  field  of  research . ' ' 

Next  came  the  syntheses  of  acids  of  the  lactic  series,  of  the 
acrylic  series  (aiming  here  to  produce  the  higher  fat  acids  by 
direct  synthesis  from  acetic  acid),  with  the  formation  of 
ethers  and  ketones. 

In  applied  chemistry  Frankland  studied  the  ** hydrocarbon" 
process  of  gas-making  and  contributed  much  to  the  knowledge 
of  gas  manufacture.  He  also  studied  magnesium  as  a  source 
of  light. 
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In  connection  with  his  studies  of  the  water  supply  of  London 
he  developed  new  and  accurate  methods  for  the  determination  of 
the  amount  of  organic  carbon  and  nitrogen  in  potable  waters. 
As  a  member  of  the  Royal  Commission  on  the  Pollution  of 
Rivers  he  conducted,  during  a  series  of  years,  most  exhaustive 
researches  upon  the  question  of  water  supply.  Frankland  also 
gave  attention  to  the  spectra  of  gases  and  inquired  into  the 
source  of  muscular  power.  He  presented  four  or  five  papers 
relating  to  "climate,*'  discussing  the  physical  cause  of  the 
glacial  epoch.  Crooke's  radiometer  and  colored  solar  halos  also 
engaged  his  earnest  thought. 

The  preceding  lines  indicate  in  a  measure  the  scientific 
activity  of  the  great  investigator  whose  earthly  career  ceased  on 
August  9,  igWi  ft^  the  .age  of  seventy-four  years. 

yr'^^^O^  J^EO/^'  Wm.  a.  Noyes, 

/q^  ''  A.  B.  Prescott, 

Edgar  F.  Smith, 
QCQ  4    191/  Committee, 


A 


V^i^  I B  R  AR^^W  books, 

DeterminaticI^  u*  RaUTclbs  in  Carbon  Compounds.  By  H.  Mbyer. 
Authorized  translation  by  J.  Bishop  Tingle.  New  York :  John  Wiley 
and  Sons.  London :  Chapman  and  Hall,  iz  + 133  pp*  i2mo.  Cloth. 
Price,  |i.oo. 

This  book  is  a  translation  of  the  original  German  edition  with 
various  corrections,  additions,  and  changes  in  arrangement  made 
partly  by  the  author  and  partly  by  the  translator.  The  success- 
ful methods  known  at  present  for  the  determination  of  organic 
radicals  have  been  collected  in  the  five  chapters  of  this  little  vol- 
ume, which  deal  with  the  following  topics  :  Chapter  1, — Deter- 
mination of  hydroxyl ;  Chapter  II. — Determination  of  methoxyl, 
ethoxyl,  and  carboxyl ;  Chapter  III. — Determination  of  carbonyl ; 
Chapter  IV. — Determination  of  the  amino,  nitrile,  amide,  iraide, 

methyl  imide,  and  ethyl  imide  groups ;  Chapter  V. — Determina- 
tion of  the  diazo  group,  the  hydrazo  radical,  the  nitro  group,  the 
iodoso  group,  the  iodoxy  group,  the  peroxide  group,  the  iodine 
number. 

The  book  contains  then  in  compact  fo;  *  much  valuable  mate- 
rial that  the  student  must  ordinarily  g»  r  from  various  texts 
and  periodicals.  References  to  original  j  les  are  given.  The 
improvements  and  additions  have  brough  iC  book  up  to  date. 
The  translator  has  done  his  work  in  a  commendable  way.  The 
excellent  work  of  the  publishers  is  too  well-known  to  require 
further  comment.  Louis  Kahlenberg. 
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ARE  FURTHER  EXPERIMENTS  NEEDED  FOR  DETERMIN- 
ING  THE  ATOMIC  WEIGHT  OF  OXYGEN  ? 

By  Edward  W.  Morlby. 

THE  precision  of  experiments  on  the  atomic  weight  of  oxy- 
gen has  been  gradually  so  much  increased  that,  in  some 
cases,  the  mean  error  of  a  single  determination  is  less  than  i 
part  in  10,000.  The  agreement  of  different  series  of  experiments 
is  not  so  good,  but  if  the  work  of  different  experimenters  agreed 
well,  the  question,  how  accurately  do  we  really  know  the  atomic 
weight  of  oxygen,  is  not  one  which  we  can  readily  answer. 
Neither  the  concordance  of  the  experiments  of  a  given  series,  nor 
the  agreement  of  the  results  of  series  of  experiments  by  different 
observers,  can  excuse  us  from  search  for  sources  of  error.  All 
sciences  which  have  to  do  with  measurement  afford  sufficient 
instances  of  the  fact  that  our  conclusions  are  to  be  received  with 
a  certain  suspense  of  judgment.  And  chemistry  well  illustrates 
that  he  is  wise  whose  assertions  regard  the  possibility  of  finding 
at  some  time  evidence  to  the  contrary. 

The  history  of  experiment  on  the  atomic  weight  of  oxygen 
affords  an  interesting  example  of  the  fact  that  neither  the  con- 

1  President's  address,  delivered  before  the  New  Haven  Meeting  of  the  American 
Chemical  Society. 
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cordance  of  individual  observations  nor  the  agreement  of  differ- 
ent experimenters  proves  that  a  measurement  is  right.  Toward 
the  middle  of  the  century,  Dumas  made  his  classic  experiments 
on  the  composition  of  water.  The  probable  error  of  a  single 
experiment  was,  in  round  numbers,  i  part  in  400,  so  that  the 
probable  error  of  the  average  of  the  19  famous  experiments 
was  I  part  in  2250.  Now,  this  means  that  his  final  value  was 
not  likely  to  differ  more  than  a  certain  small  quantity  from  the 
result  of  the  repetition  of  even  a  very  large  number  of  experi- 
ments made  in  the  same  way,  with  the  same  skill  and  care.  But 
as  to  the  difference  between  this  result  of  the  19  experiments  and 
the  unknown  true  value,  we  are  told  absolutely  nothing  by  the 
proposition  that  the  probable  error  of  Dumas'  result  was  i  part 
in  2250.  It  is  a  commonplace  to  say,  that  the  calculation  of  the 
probable  error  of  a  series  of  experiments  does  not  show  how 
nearly  the  result  approaches  the  truth,  but  how  near  it  is  to  the 
result  of  a  greater  number  of  similar  experiments.  It  decides, 
not  how  nearly  we  approach  the  desired  goal,  but  whether  it  is 
useful  to  persevere  by  the  present  method  of  approach.  Dumas 
made  19  observations,  and  got  the  value,  15.96,  with  a  probable 
error  of  0.007  >  ^^^^  ^s>  ^^  ^^  ^^^  made  100  or  1000  experiments, 
it  is  unlikely  that  the  final  result  would  not  have  been  between 
15.95  and  15.97,  ^^^  very  unlikely  indeed  that  it  would  not  have 
been  between  15.94  and  15.98.  But  he  would  never  have 
obtained  a  value  near  that  which  now  commands  confidence. 

It  is  interesting  to  recall  that  there  is  hardly  any  instance  on 
record  where  the  judgment  of  an  experimenter  as  to  the  degree 
of  approximation  to  the  truth  attained  in  his  work  has  been  bet- 
ter justified  than  in  the  case  of  Dumas'  classic  experiments.  As 
we  all  remember,  towards  the  end  of  his  work,  there  was  discov- 
ered in  his  own  laboratory  a  source  of  error,  not  easy  to  elimi- 
nate, which  had  affected  all  his  determinations.  The  amount  of 
the  error  was  not  a  fixed  quantity,  and  no  numerical  correction 
could  be  applied  to  the  results  of  observation.  Dumas  accord- 
ingly gave  to  the  public  the  uncorrected  and  unmodified  results 
of  experiment.  But  he  also  stated  his  opinion  as  to  the  degree 
in  which  his  results  approximated,  not  to  the  mean  of  a  larger 
number  of  experiments  of  the  same  kind,  but  to  the  unknown 
and  unattainable  true  value.     He  expressed  the  hope  that  his 


DETERMINING  THE  ATOMIC  WEIGHT  OF  OXYGEN.  53 

value  would  be  found  not  more  than  one  part  in  200  from  the 
result  of  those  subsequent  experiments  which  should  be  thought 
satisfactory  ;  and  it  is  by  just  i  part  in  200  that  his  value  differs 
from  that  which  is  now  accepted. 

So  the  concordance  of  Dumas'  experiments  did  not  prove  that 
his  result  was  right ;  neither  did  the  agreement  of  experiments 
by  different  observers.  Brdmann  and  Marchand  made  eight  exper- 
iments  by  a  method  like  that  of  Dumas,  with  some  modifications. 
Their  result  was  15.973,  with  a  probable  error  of  o.oii.  This 
value  differs  from  that  of  Dumas  by  less  than  the  sum  of  the 
probable  errors,  so  that  that  agreement  is  perfectly  satisfactory. 
So,  also,  Regnault  determined  the  ratio  of  the  densities  of  oxy- 
gen and  hydrogen,  from  which  was  computed  the  atomic  weight 
of  oxygen  as  15.963,  with  a  probable  error  of  0.004.  The 
results  of  Dumas,  of  Erdmann  and  Marchand,  and  of  Regnault, 
show  a  very  goqd  agreement.  But  all  of  them,  and  the  mean  of 
all  of  them,  we  now  know  to  be  in  error  by  i  part  in  200. 

I  adduce  this  example,  somewhat  in  detail,  to  enforce  the 
proposition  that  we  must  not  excuse  ourselves  from  looking  for 
error  because  observations  agree.  We  have  experiments  which 
give  the  atomic  weight  of  oxygen  with  a  probable  error  of  i  part 
in  50,000,  but  do  we  know  it  within  i  part  in  i  ,000  ?  Each 
individual  experimenter  whose  work  would  now  be  regarded  as 
free  from  known  and  tangible  error,  agrees  fairly  well  with  the 
mean  of  all.  For  instance,  Noyes*  results  show  that  degree  of 
concordance  which  would  justify  us  in  expecting  that,  if  he 
were  to  make  100  or  1,000  experiments,  his  final  mean  would  be 
as  likely  as  not  to  be  larger  or  smaller  by  i  part  in  9,500,  and 
his  result  differs  from  that  which  we  accept  by  i  part  in  900. 
So  Cooke  and  Richards  assign  a  value  which  is  just  as  likely  as 
not  to  be  within  i  part  in  8,000  of  the  result  which  they  would 
have  obtained  by  multiplying  observations ;  and  it  differs  from 
that  which  we  accept  by  i  part  in  1,500.  But  do  we  know  that 
their  means,  and  the  means  of  all  published  results  taken  to- 
gether, are  not  in  error  by  i  part  in  900  ?  The  concordance  of 
the  results  of  a  single  experimenter,  and  the  agreement  of  differ- 
ent experimenters,  does  not  justify  us  in  asserting  that  we  do. 

In  determining  the  atomic  weight  of  oxygen,  it  has  been 
somewhat  diflScult  to  determine  directly  all  three  of  the  quanti- 
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ties  involved,  and  so  to  make  what  Stas  called  a  complete  syn- 
thesis. Berzelius,  Dumas,  and  Erdmann  and  Marchand, 
weighed  oxygen  and  weighed  water,  thus  determining  hydrogen 
by  difference.  More  recently,  Dittraar  and  Henderson,  and 
Leduc  used  the  same  method.  Cooke  and  Richards,  and  Keiser, 
weighed  hydrogen  and  weighed  water,  while  Rayleigh  and 
Noyes  weighed  hydrogen  and  weighed  oxygen.  Any  proceed- 
ing which  weighs  hydrogen  directly  has  a  g^eat  advantage  in 
precision ;  different  determinations  in  a  given  series  agree 
better  among  themselves,  and  the  series  of  different  experi- 
menters also  agree  better.  But  there  is  also  a  second,  more 
important  advantage.  We  have  reason  to  believe  that  the  con- 
stant errors  involved  in  weighing  hydrogen  are  small,  for  it  is 
possible  to  obtain  hydrogen  with  less  than  T^y.^^nr  or  even  ^^.i^rir 
of  its  weight  of  impurity.  There  is  no  difficulty  in  weighing 
oxygen  or  water  with  accuracy,  so  if  we  weigh  hydrogen  and 
also  weigh  either  oxygen  or  water,  we  may  hope  for  a  near 
approximation  to  the  true  value  of  the  ratio  sought. 

We  may  hope,  but  we  cannot  know.  We  may  believe  that 
our  hydrogen  is  pure,  and  that  there  was  no  error  through  leak- 
age. But  an  unsafe  stop-cock  might  make  the  apparent  weight 
of  the  hydrogen  in  a  series  of  experiments  seem  always  smaller 
than  the  fact,  and  might  yet  leave  the  individual  experiments  so 
concordant  with  each  other  as  to  seem  trustworthy. 

If,  however,  we  can  weigh  hydrogen  and  can  weigh  oxygen, 
and  then  combine  them  and  weigh  the  water  produced,  we  can 
at  least  give  a  better  reason  for  our  hope,  if  we  find  that  the 
product  is  nearly  equal  to  the  sum  of  the  components.  The 
manipulation  in  this  case  is  costly,  and  is  so  difficult,  and 
involves  so  many  minute  details,  that  not  many  have  patience 
and  time  sufficient  for  it,  so  that  no  great  number  of  such  com- 
plete syntheses  has  been  made,  and  these  few  were  made  in  con- 
ditions but  little  varied.  When  such  complete  syntheses  shall 
have  been  made  by  different  observers,  with  those  variations  of 
apparatus  and  method  which  may  seem  wise  to  them,  we  shall 
be  able  to  judge  of  the  magnitude  of  the  errors  to  be  feared.  If 
such  results  are  not  concordant,  we  shall  have  much  to  learn  as 
to  sources  of  error ;  but  we  now  see  some  reason  to  expect  that 
they  will  not  be  discordant.     However,  even  if  they  are  not  dis- 
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cordant,  we  are  not  to  excuse  ourselves  from  further  study  of 
sources  of  error. 

Before  repeating  determinations  so  troublesome,  and  before 
studying  unknown  sources  of  errors  not  yet  detected,  the  experi- 
menter should  receive  all  possible  assistance  from  chemical 
theory  and  from  criticism.  For  some  that  criticism  may  be  most 
profitable  which  is  friendly  and  sympathetic ;  but,  for  the 
experimenter,  the  value  of  the  criticism  depends  on  the  knowl- 
edge and  the  acuteness  of  the  critic.  Dr.  Hinrichs  published, 
some  five  years  ago,  a  criticism  of  all  determinations  and  compu- 
tations of  atomic  weights  since  Dumas.  As  is  well  known,  he  is 
a  most  strenuous  and  insistent  supporter  of  Front's  hypothesis. 
Looking  hastily  through  the  volume,  there  was  found,  towards 
the  end,  evidence  that  its  author  was  one  of  those  who,  some 
thirty  years  ago,  discerned  that  which,  in  the  hands  of  Men- 
del6eff,  became  the  periodic  law.  It  seemed  possible  that  one 
who  had  early  seen  some  indications  of  this  law  might,  perhaps, 
also  have  discerned,  even  if  obscurely,  some  principle  relating  to 
atomic  weights.  I  therefore  once  spent  some  time  and  pains  in 
carefully  reading  the  book,  and  considered  at  length  those  pas- 
sages, which,  if  any,  contained  valid  criticism  of  the  views 
which  are  generally  accepted. 

Hinrichs  believes  that  the  mean  of  a  series  of  determinations 
of  an  atomic  weight  cannot  give  the  true  value  sought.  This 
proposition  he  deduces  from  a  mathematical  discussion.  He 
believes  that  as  larger  and  larger  quantities  are  taken  in  our 
analytical  operations,  the  results  differ  regularly  from  ideal 
accuracy ;'  sometimes  the  difference  continually  increases  as  the 
quantity  taken  increases ;  sometimes  the  difference  increases  to  a 
maximum  and  then  decreases  again.  The  proper  computation 
of  an  atomic  weight  then,  according  to  Hinrichs,  consists  not  in 
taking  the  mean  of  different  observations,  made  with  different 
weight  of  materials,  but  in  determining  the  limit  towards  which 
the  series  converges  as  the  weight  taken  decreases.  A  good 
illustration  is  given  :  we  cannot  determine  the  weight  of  a  new 
coin  by  weighing  any  number  of  old  coins  ;  every  coin  is  worn 
and  therefore  light,  and  the  mean  weight  of  any  number  what- 
ever is  therefore  necessarily  below  the  mean  weight  of  new  coins. 
But  if  we  weigh  old  coins  and  note  the  date  of  each,  we  may 
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take  the  mean  weights  for  each  year  separately.  If  we  examine 
coins  enough,  these  means  when  plotted  as  the  ordinates  with 
the  years  as  the  abscissas,  will  give  us  a  *' fairly  regular  curve, 
lowest  for  the  oldest  coins,  gradually  rising  towards  a  limit 
which  they  would  not  quite  reach.  This  higher  limit  would 
evidently  be  the  mean  weight  of  the  new  coin." 

This  is  an  intelligible  proposition.  It  seemed  to  me  worth 
while  to  examine  it,  for  to  this  proposition  one  of  the  most 
enthusiastic  and  most  active  supporters  of  Front's  hypothesis,  a 
man  not  lacking  in  shrewdness  or  ability  or  learning,  has 
entrusted  the  defense  of  his  favorite  belief. 

He  asserts  that  an  atomic  weight  as  determined  by  experiment 
is  variable,  that  it  depends  on  the  amount  of  substance  taken  for 
the  analysis  or  other  operation,  and  that  it  varies  in  a  continuous 
and  regular  manner.  His  proposition  is,  that  an  atomic  weight 
as  determined  by  experiment  is  a  function  of  the  weight  of  sub- 
stance taken.     Is  there  any  evidence  in  favor  of  it  ? 

I  answer,  first :  Theory  does  not  afford  any  evidence  for  it. 
Hinrichs  deduces  this  proposition  from  theory  by  a  discussion 
which  is  mathematical  in  form.  Whether  the  proof  is  sound 
need  not  be  considered,  for  his  theory  does  not  attempt  to  show 
the  order  of  magnitude  of  the  regular  and  continuous  variations 
which  are  affirmed  to  depend  on  the  weight  of  substance  taken, 
and  to  show  whether  they  can  be  separated  from  the  irregular 
and  discontinuous  errors  due  to  accident.  We  are  sure  that 
accidental  errors  exist ;  we  may  concede,  for  argument,  that 
regular  and  continuous  variations  also  exist ;  but  this  is  far  from 
implying  that  the  actual  errors  ,in  a  given  set  of  experiments 
will  be  largely  or  even  perceptibly  of  the  latter  kind.  Theory 
shows  that  there  is  a  diurnal  tide  in  the  atmosphere  ;  but  theory 
does  not  show  that  the  differences  noted  in  a  series  of  ten  obser- 
vations of  the  barometer  at  different  hours  of  the  day  will  follow 
the  law  of  the  diurnal  tide. 

But,  secondly  :  Facts  do  not  agree  with  the  proposition.  The 
accidental  errors  of  the  most  precise  experiments  yet  made  are 
so  much  greater  than  any  systematic  variations,  that  nothing  but 
accidental  variations  can  be  detected.  To  prove  this,  let  us 
consider  Stas'  synthesis  of  silver  nitrate  from  pure  silver.  This 
is  one  of  the  most  important  determinations  ever  made  ;  Hin- 


\ 


DETERMINING  THE  ATOMIC  WEIGHT  OF  OXYGEN.  57 

richs  has  discussed  it  twice  in  his  volume  ;  he  asserts  that  the 
ratio  of  silver  nitrate  to  silver  found  in  each  analysis  depends  on 
the  weight  of  silver  taken,  and  twice  draws  curves  to  show  this. 
I  assert,  on  the  contrary,  that  the  errors,  which  average  only  i 
part  in  40,000,  are  purely  accidental,  and  that  they  follow  no 
law.  This  can  be  proved  by  proving  that  the  ratios  obtained 
depend  on  any  other  quantities  selected  by  accident  just  as  much 
as  they  depend  on  the  weights  of  silver  taken.  Hinrichs^plots 
the  results  of  the  ten  determinations,  using  for  abscissas  the 
weights  of  silver  taken,  and  so  obtains  tolerable  curves.  I  plot- 
ted the  same  ten  observations,  using  for  abscissas  not  the  weights 
of  silver  taken  but  ten  numbers  selected  by  series  Vtrgilianae, 
and  get  curves  quite  as  tolerable  as  before  ;  and  this  I  did  with 
ten  different  sets  of  abscissas,  all  selected  by  pure  accident. 
Now,  quantities  which  depend  on  anyone  of  eleven  sets  of  abscis- 
sas, ten  of  which  are  selected  by  accident,  are  themselves  acci- 
dental in  their  variations,  and  the  variations  follow  no  law.  So 
far  as  the  facts  are  examined,  they  give  no  evidence  in  favor  of 
Hinrichs'  proposition ;  we  have  seen  that  theory  is  equally 
chary  of  her  support,  and  we  may  safely  dismiss  the  suspicion  that 
any  source  of  systematic  error  can  be  detected  in  deducing 
atomic  weights  from  the  means  of  good  experiments. 

Within  the  limits  of  convenience,  it  is  well  to  vary  the  amount 
of  substance  taken  in  analytical  determinations.  This  has  been 
a  frequent  practice  in  the  finest  investigations.  But  that  this 
practice  derives  any  support  from  the  so-called  **  limit  method" 
cannot  be  conceded. 

This  criticism,  this  attempt  at  a  theory,  then,  removes  no 
obstacles  and  reveals  no  threatening  pitfalls.  If  we  desire  a 
firmer  foundation  for  our  system  of  atomic  weights,  we  must 
simply  enlarge  the  experimental  basis  of  our  knowledge. 

If  it  is  only  by  further  experiment  that  we  can  make  surer  of 
the  atomic  weight  of  oxygen,  we  are  to  consider  what  kind  of 
experiments  is  most  desirable.  It  is  chiefly  for  the  sake  of 
eliciting  discussion  on  this  point  that  the  subject  of  this  address 
has  been  chosen. 

Our  present  value  for  the  ratio  between  oxygen  and  hydrogen 
rests  on  one  single  chemical  combination,  and  upon  two  processes 
for  determination.     The  first  is,  the  synthesis  of  water  from  its 
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components.  The  second  is,  the  determination  of  the  densities 
of  the  gases  and  of  their  volumetric  ratio.  Let  us  consider  these 
in  order. 

What  synthetic  experiments  should  be  repeated  ?  We  are 
met  by  the  fact  that  a  complete  synthesis,  in  which  hydrogen 
and  oxygen  and  water  are  all  three  weighed,  can  be  made  with 
errors  only  about  one-fourth  as  large  as  the  errors  in  any  of  the 
Syntheses  where  only  two  substances  are  weighed  out  of  the 
three  concerned.  Other  things  being  equal,  then,  this  process 
is  by  far  the  most  promising.  But,  so  far  it  has  been  carried 
out  adequately  by  only  one  experimenter.  Conditions  were 
varied  somewhat,  it  is  true,  but  by  no  means  so  much  as  they 
would  be  varied  if  the  same  person  repeated  the  experiments 
after  an  interval  of  years ;  by  no  means  so  much  as  if  others 
were  to  undertake  such  complete  syntheses.  Lately,  Keiser  has 
devised  a  process  which  varies  in  many  particulars  from  that 
already  executed ;  it  is  very  desirable  that  he  should  make  a 
series  of  experiments,  after  adequate  study  of  sources  of  error 
and  of  means  of  avoiding  them.  It  is  also  desirable  that,  if  pos- 
sible, the  original  process  of  complete  synthesis  should  be 
repeated  with  the  little  modifications  which  time  is  sure  to  intro- 
duce. These  two  would  be  enough,  as  far  as  synthesis  is  con- 
cerned ;  unless,  indeed,  through  the  invention  of  another  pro- 
cess by  a  third  experimenter,  we  could  have  still  more.  Other 
syntheses  of  water  than  by  a  complete  synthesis  seem  less  likely 
to  be  of  much  service,  except  as  a  school  of  experimentation. 

What  further  work  is  desirable  on  the  ratio  of  densities  and  of 
combining  volumes  of  hydrogen  and  oxygen  ?  Three  constants 
are  involved  :  the  density  of  oxygen,  the  density  of  hydrogen, 
and  the  volumetric  ratio. 

The  density  of  oxygen  is  known  with  a  probable  error  of 
about  I  part  in  50,000.  It  is  very  probable  that  no  number 
whatever  of  further  determinations  would  change  this  value  by  i 
part  in  io,ooq.  No  further  work  upon  this  density  seems  at 
present  desirable,  except  that  whoever  determines  the  density 
of  hydrogen  cannot  well  fail  to  determine  that  of  oxygen  also. 

The  density  of  hydrogen  demands  further  experiment.  It  is 
possible  to  make,  by  some  one  of  three  or  four  slightly  different 
processes,  a  series  of  experiments  whose  average  variation  shall 
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be  less  than  i  part  in  3,000,  or  5,000,  or  even  10,000;  but  dif- 
ferent series  do  not  agree  suflSciently  with  each  other.  We  are 
far  from  knowing  the  density  of  hydrogen  so  well  that  more 
observations  might  not  change  our  value  by  i  part  in  2,000  or 
3,000.  It  is  very  desirable  that  further  observations  should  be 
undertaken  by  at  least  two  different  methods.  In  one  method, 
hydrogen  should  be  weighed  while  absorbed  in  palladium,  should 
be  then  transferred  to  a  measuring  apparatus  without  the  use  of 
stop-cocks,  and  should.be  there  measured.  This  process  should 
be  repeated  with  measuring  apparatus  of  varied  volumes.  In 
another  method,  hydrogen  should  be  weighed  after  Regnault's 
method,  in  a  counterpoised  globe,  but  with  such  precautions 
that  leakage  through  a  stop-cock,  and  contamination  with  vapor 
of  mercury,  should  be  excluded.  The  globe  should  be  exhausted 
till  the  remaining  air  is  a  small  fraction  of  a  millionth,  should  be 
sealed  off  from  the  pump,  and  should  be  connected  with  a  con- 
denser at  the  temperature  of  liquid  air,  so  as  to  remove  mer- 
curial vapor.  After  this  hydrogen  is  to  be  admitted  without  the 
use  of  stop-cocks.  The  manipulation  is  not  difficult,  and  the 
method  would  confirm  the  results  of  the  previous  method. 

The  ratio  of  the  combining  volumes  of  hydrogen  and  oxygen 
is  not  known  with  the  degree  of  confidence  which  is  desirable. 
The  history  of  the  matter  is  not  an  interesting  one.  Further 
continuance  of  the  two  series  of  experiments  on  which  the  pres- 
ent value  depends  would  be  fnost  unlikely  to  change  it  by  i  part 
in  10,000,  for  its  probable  error  is  i  part  in  40,000.  But  one  of 
the  experimenters  has  obtained  results  differing  from  that  finally 
adopted  by  as  much  as  i  part  in  220.  The  other  experimenter 
has  entirely  discarded  the  result  of  one  series  and  replaced  it, 
not  by  a  better  series  of  the  same  kind  but  by  one  of  a  quite 
different  nature,  not  carried  to  its  proper  completion,  and  accord- 
ingly reduced  by  the  use  of  the  constants  of  van  der  Waals* 
equation.  It  is  desirable  that  experiments  be  made  to  furnish 
means  for  a  new  reduction  by  measuring  the  change  of  volume 
when  2  volumes  of  hydrogen  and  i  volume  of  oxygen  are  mixed , 
being  at  the  same  pressure  before  and  after  mixing.  This 
experiment  has  lately  been  made  by  Berthelot,  whether  with 
sufficient  precision  for  the  purpose  is  not  known  at  this  moment. 
It  is  also  desirable  that  the  ratio  of  the  combining  volumes  of 
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oxygen  and  hydrogen  should  be  measured  with  the  gases  con- 
tained in  vessels  of  the  dimensions  of  those  used  for  obtaining 
their  densities. 

If  these  syntheses  and  these  studies  of  ratios  of  densities  and 
combining  volumes  should  agree  as  well  as  it  is  safe  to  expect, 
we  should  know  the  atomic  weight  of  oxygen  as  confidently 
as  we  can  know  it  while  the  value  rests  on  a  single  chemical 
process,  the  combination  of  the  two  gases  to  form  water. 

But  this  is  not  so  much  as  is  desirable.  We  know  the  atomic 
ratio  between  silver  and  oxygen  with  considerable  confidence, 
l^ecause  this  rests  not  on  a  single  chemical  process  but  on  eight 
different  chemical  processes,  which  give  eight  independent 
results,  and  because  these  eight  results  agree.  Is  there,  then, 
any  chemical  process  by  which  the  atomic  ratio  of  oxygen  and 
hydrogen  can  be  determined,  other  than  the  analysis  or  synthe- 
sis of  water  ?  Is  there  any  element  whose  atomic  ratio  to  oxy- 
gen is  well  known,  whose  ratio  to  hydrogen  is  capable  of  accu- 
rate direct  determination  ? 

It  is  probable  that,  given  an  adequate  equipment,  the  direct 
ratio  of  hydrogen  to  chlorine,  of  hydrogen  to  sodium,  of  hydro- 
gen to  magnesium,  or  of  hydroeen  to  aluminum,  could  be  deter- 
mined with  suflScient  precision  for  the  purpose,  provided  that  the 
ratio  of  chlorine  to  oxygen,  of  sodium  to  oxygen,  of  magnesium 
to  oxygen,  and  of  aluminum  to  oxygen  are  well  enough  known. 
This  may  not  now  be  the  case  with  aluminum  or  magnesium,  but 
is  the  case  with  chlorine  and  with  sodium,  whose  atomic  ratios 
to  oxygen  may  be  fairly  assumed  to  be  known  within  i  part  in 
2,500.  If,  now,  we  can  determine  the  ratio  of  chlorine  to  hydro- 
gen, or  of  sodium  to  hydrogen,  to  i  part  in  5,000,  we  could 
compute,  by  a  new  method,  the  ratio  between  hydrogen  and 
oxygen.  If  this  should  agree  with  the  present  value,  within 
some  such  quantity  as  i  part  in  2,000,  we  should  be  as  confident 
of  the  truth  of  our  value  of  the  atomic  weight  of  oxygen  as  we 
can  well  hope  to  be. 

The  difficulties  in  making  a  complete  synthesis  of  hydrochloric 
acid  are  not  small,  nor  are  they  all  well  understood.  Some 
unexpected  circumstance  may  be  prohibitive.  But  there  is  good 
reason  to  hope  that  3  or  4  or  5  grams  of  hydrogen  could  be 
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weighed,  that  a  nearly  equivalent  quantity  of  chlorine  could  also 
be  weighed,  that  the  two  could  be  combined,  and  that  the  prod- 
uct could  be  weighed.  One  serious  difficulty  would  be  found  in 
attempting  to  prepare  pure  chlorine,  but  the  difficulty  does  not 
seem  insuperable.  The  manipulation  of  the  corrosive  element 
requires  invention,  but  seems  not  difficult.  For  the  collection  of 
the  hydrochloric  acid  in  a  weighable  form,  there  seem"  to  be 
alternative  methods,  not  very  troublesome  of  execution,  unless 
unforeseen  difficulties  are  encountered.  If  the  ratio  between 
hydrogen  and  chlorine  could  be  determined  to  i  part  in  5,000  or 
to  I  part  in  10,000,  it  would  be  a  very  interesting  addition  to  our 
list  of  known  constants,  most  helpful  in  establishing  confidence 
in  the  ratio  between  oxygen  and  hydrogen. 

So,  also,  if  sodium  can  be  prepared  of  sufficient  purity,  or  of 
sufficiently  constant  impurity,  it  seems  possible  to  weigh  100  or 
200  grams,  to  act  on  it  with  water  in  such  a  way  as  to  produce  a 
slow  evolution  of  hydrogen,  and  to  determine  the  weight  of  this 
hydrogen  by  loss.  Whether  sodium  can  be  obtained  sufficiently 
free  from  absorbed  hydrogen  and  whether  it  can  be  prepared  for 
weighing  without  attacking  the  vessels  which  contain  it,  are 
questions  which  need  further  experiment.  It  is  probable  that  a 
vessel  of  platinum- iridium  alloy  could  be  made  which  would 
make  success  almost  certain,  but  at  considerable  cost.  In  this 
case  also,  if  the  ratio  between  sodium  and  hydrogen  can  be  deter- 
mined to  I  part  in  5,000,  or  i  part  in  10,000,  the  result  would 
inspire  confidence,  or,  if  it  must  be,  distrust,  in  our  present  value 
for  the  ratio  between  oxygen  and  hydrogen. 

These  suggestions,  necessarily  tentative  in  their  nature,  are 
submitted  to  the  American  Chemical  Society,  in  the  hope  of 
obtaining  from  those  who  do  me  the  honor  to  listen  to  them  or 
to  read  them,  expressions  as  to  the  desirability  of  making 
experiment  in  the  lines  described,  and  discussions  of  the  new 
methods  indicated  as  possible. 
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SEVERAL  5'ears  ago  during  the  course  of  an  investigation  of 
the  ferrocyanides  of  zinc  and  manganese,'  it  was  suggested 
that  a  study  of  the  reactions  between  potassium  cobalticyanide 
and  solutions  of  metallic  salts  might  be  of  interest  and  that» 
possibly,  this  compound  might  be  found  useful  as  a  reagent  in 
either  qualitative  or  quantitative  analysis.  A  careful  search 
through  the  literature  showed  that  the  subject  had  not  been 
thoroughly  investigated;  that  the  cobalticyanides  of  many 
metals  were  unknown  and  that  the  properties,  especially  the 
solubilities,  of  the  known  cobalticyanides  were  but  incompletely 
recorded.  Apparently  no  work  has  been  done  on  these  com- 
pounds for  many  years,  while  most  of  the  investigations  bear 
dates  prior  to  1857. 

The  general  procedure  adopted  in  this  work  was : 

Ftrst,^To  try  the  action  of  a  half-normal  solution  of  potassium 
cobalticyanide*  on  half-normal  solutions  of  all  the  common 
metals.  They  were  first  added  to  each  other  in  equal  quantities 
and  the  filtrate  tested  to  see  which  reagent  was  in  excess;  and, 
having  found  the  amount  of  potassium  cobalticyanide  needed  to 
precipitate  a  given  metal,  to  work  in  subsequent  experiments 
with  quantities  which  gave  a  slight  excess  of  the  precipitant. 
Although  these  solutions  were  only  approximately  half-normal, 
they  were  made  with  suflBicient  care  to  distinguish  in  the  result- 
ing precipitates  between  a  normal  cobalticyanide  and  a  double 
pota.ssium- metallic  cobalticyanide.  The  indications  show  that 
in  nearly  every  case  a  normal  salt  is  produced  by  a  reaction  of 
simple  double  decomposition. 

Second. — The  solubility  of  the  precipitates  so  obtained  was 
tested  in  every  instance  in  nitric,  hydrochloric,  sulphuric,  acetic, 
and  oxalic  acids,  in  ammonium  hydroxide  and  caustic  potash ; 
in  all  cases  both  cold  and  hot. 

1  This  Journal,  19  547  (1897). 

3  Based  on  the  hydrogen  equivalent  in  grams  per  liter. 
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These  tests  were  made  by  adding  the  acid  or  alkali  to  the 
original  liquid  containing  the  precipitate,  and,  in  each  instance, 
an  amount  of  solvent  equal  in  volume  to  the  original  liquid  was 
employed.  A  few  precipitates  were  filtered  and  their  solubilities 
tested  in  concentrated  acids. 

The  special  solutions  used  were  of  the  following  strengths : 

K3Co(CN)5(N/2)  55.52  grams  per  liter. 

HNO3  (1:3)        sp.gr.         1. 135  =  22  per  cent. 


HCl 

(1:1)          "     " 

1. 10 

=  20      *• 

H,S04 

(1:4)'        "     " 

1.20 

=  28      *• 

HC,H,0, 

It     <( 

1.03 

=s  22      '* 

H,C,0, 

saturated  solution 

=  I04-" 

NH4OH 

(1:2)         sp.gr. 

0.96 

=  10      '* 

'•  NH,. 

KOH 

U          <( 

I. II 

=  10      ** 

"  K,0. 

No  highly  colored  or  characteristic  precipitates  have  as  yet 
been  found  which  can  be  employed  as  indicators  to  show  an 
excess  of  potassium  cobalticyanide,  nor  do  the  precipitates  settle 
readily  enough  to  allow  this  point  to  be  determined  by  cautious 
additions  of  cobalticyanide  to  the  clear  supernatant  liquid  or  by 
spot  tests.  In  every  precipitation  the  potassium  cobalticyanide 
was  added  to  the  metallic  salt  solution  and  the  presence  of 
either  substance  in  excess  had  usually  to  be  determined  in  a  few 
drops  of  the  filtrate  from  the  resulting  precipitate.  The  experi- 
mental part  of  our  work  will  show  that,  in  general,  the 
cobalticyanides  insoluble  in  water,  are  also  insoluble  in  and 
unaffected  by  acids,  but  are  soluble  in  or  decomposed  by 
alkalies.  None  of  them^  are  decomposed  by  boiling  as  is  the 
case  with  several  ferricyanides.  There  is  little  similarity  in 
either  solubility  or  appearance  between  the  corresponding  ferri- 
and  cobalticyanides.  The  metals  except  those  of  the  alkalies 
and  alkaline  earths  were  taken  up  in  their  qualitative  sequence, 
beginning  with  the  silver- lead- mercury  group. 

Stiver  Codahtcyanide. — When  equal  volumes  of  half- normal  sil- 
ver nitrate  and  potassium  cobalticyanide  solutions  are  mixed,  the 
silver  is  completely  precipitated  as  silver  cobalticyanide,  a  white 
curdy  precipitate,  which  settles  and  filters  well ;  is  insoluble  in  all 
the  acids  used,  being  transposed  by  hydrochloric  acid  ;  is  soluble 
in  ammonia  and  decomposed  by  potassium  hydroxide  giving  a 
precipitate  consisting  mostly  of  silver  oxide. 
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Lead  CobcUHcyanide, — Neither  lead  acetate  nor  nitrate  are 
precipitated  by  potassium  cobdlticyanide,  either  in  neutral  or 
acid  solutions.  Zwenger*  made  it  from  lead  carbonate  and 
cobalticyanhydric  acid.  This  salt,  crystallizing  in  laminated 
crystals  containing  4  molecules  of  water,  he  says,  is  soluble  in 
about  3  parts  of  water  from  which  solution  it  is  precipitated  by 
ammonia  as  a  basic  salt. 

Mercurous  Cobalticyanide, — Mercurous  nitrate  gives  with 
potassium  cobalticyanide  a  white,  flocculent  precipitate,  which 
settles  quickly.  It  was  therefore  possible  to  use  concentrated 
ammonia  as  an  indicator.  Spot  tests  on  porcelain  showed  a 
black  precipitate  as  long  as  there  was  an  excess  of  mercurous 
nitrate.  Mercurous  cobalticyanide  is  transposed  by  hydrochloric 
acid  and  seems  to  be  partly  changed  by  hot  sulphuric  acid  but 
not  by  oxalic  acid.  It  is  unaffected  by  nitric  and  acetic  acids, 
but  decomposed  by  alkalies.  Mercurous  cobalticyanide  is 
probably  a  normal  salt,  having  the  formula,  Hg,Co  (CN),. 

Mercuric  Cobalticyanide  is  unknown.  There  is  no  precipitate 
formed  when  potassium  cobalticyanide  is  added  to  mercuric 
chloride  either  in  neutral  or  acid  solution. 

Arsenic^  in  hydrochloric,  sulphuric,  or  ammoniacal  solution 
gives  no  precipitate. 

Antimony  in  a  solution  sufficiently  acid  to  prevent  the  precipi- 
tation of  a  basic  salt,  gives  no  precipitate. 

Staiinouss^XXs  in  neutral,  acid,  or  potassium  hydroxide  solution 
are  not  precipitated  by  potassium  cobalticyanide.  Gmelin*  states 
that  stannous  but  not  stannic  salts  are  precipitated,  but  does  not 
give  the  conditions  under  which  he  obtained  the  precipitation. 

Cupric  Cobalticyanide, — When  a  solution  of  copper  sulphate  is 
completely  precipitated  by  potassium  cobalticyanide  solution, 
there  results  a  turquoise-blue  compound.  This  salt,  apparently 
Cu.Co,  (CN)„ ,  is  insoluble  in  all  acids,  cold  or  hot ;  very  soluble 
in  ammonia,  and  with  caustic  potash  it  turns  green,  becoming 
darker  and  darker  until  black  cupric- oxide  separates.  The 
ammoniacal  solution  upon  evaporation  gives  small  shining  blue 
crystals    to    which    Zwenger,'    who    first    worked    with    this 

1  Ann,  Chem.  (Liebig),  6s,  158. 

«  "Handbook  of  Chemistry"  (1852),  Vol.  VII,  p.  495 

s  Loc.  cit. 
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compound,   assigns    the  formula    Cu,Co,(CN)„  .  2NH, .  5H,0. 

Cuprous  Cobalticyanide^  of  which  no  mention  is  found  in  the 
literature,  results  from  the  precipitation  of  cuprous  chloride  by 
means  of  potassium  cobalticyanide.  It  is  a  faintly  yellow 
precipitate  which  filters  badly ;  it  is  insoluble  in  acids  and  cold 
ammonia  but  soluble  in  hot,  dilute  ammonia.  It  is  partly 
decomposed  by  potassium  hydroxide  in  the  cold  and  completely 
when  hot.  It  is  slowly  oxidized  by  nitric  acid,  giving  the  blue 
cupric  cobalticyanide. 

Bismuth  Cobalticyanide, — A  solution  of  bismuth  nitrate,  rather 
strongly  acid  with  nitric  acid,  is  precipitated  by  potassium 
cobalticyanide  giving  a  dense  white  precipitate,  very  soluble  in 
hydrochloric  but  insoluble  in  the  other  acids  and  ammonia. 
Potassium  hydroxide  gives  in  the  cold  Bi(OH)„  which,  on  boil- 
ing, may  be  changed  to  yellow  Bi,0,.  The  original  precipitate 
seems  to  be  a  normal  cobalticyanide,  but  it  has  not  yet  been 
analyzed  and  no  mention  of  such  a  compound  was  found  in  the 
literature. 

Cadmium  Cobalticyanide, — The  statement  appears  in  Gmelin's 
•^Chemistry"  (1852)  that  with  cadmium  sulphate,  potassium  co- 
balticyanide forms  a  brown  precipitate,  turning  white  later,  solu- 
ble in  excess  of  cobalticyanide  and  also  in  acids.  In  our  experi- 
ments cadmium  chloride  was  employed;  the  precipitate  was  white 
and  amorphous,  not  soluble  in  excess  of  cobalticyanide  nor  in  any 
acid  except  warm  hydrochloric  acid,  from  which  it  reprecipitates 
on  cooling.  To  determine  whether  it  is  changed  or  not  during 
this  treatment  will  require  quantitative  work.  It  is  completely 
soluble  in  cold  ammonia  but  potassium  hydroxide  decomposes 
it,  giving  cadmium  hydroxide. 

Solutions  of  gold,  platinum,  titanium,  vanadium,  uranium,  or 
zirconium  are  not  precipitated  by  potassium  cobalticyanide. 

Aluminum  chloride  and  chromium  salts  gave  no  precipitate 
with  cobalticyanide.  Certain  double  ammonio-chromic  cobalti- 
cyanides  have  been  described  by  Christensen*  and  by  Braun.* 

Ferric  Cobalticyanide. — When  potassium  cobalticyanide  is 
added  to  a  solution  of  ferric  chloride  no  precipitate  forms  at  first, 
but  the  solution  assumes  a  light  green  tint  and  on  standing  a 

"^  J.prakt.  Chem.  [2],  aa,  52.  a  Ann.  Chem.  (Liebig),  X25,  153  etuq. 
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few  minutes  becomes  cloudy  and  iridescent.  The  precipitation 
increases  with  the  formation  of  an  amorphous  yellow  precipitate 
which  runs  through  the  filter.  By  boiling,  it  becomes  canary- 
yellow  and  flocculent,  filtering  fairly  well.  The  precipitation 
does  not  seem  to  be  complete ;  it  is  retarded  by  the  presence  of  an 
excess  of  cobalticyanide  or  by  large  quantities  of  ammonium 
salts.  The  precipitate  once  formed  is  not  soluble  in  cobalti- 
cyanide solution,  nor  in  mineral  acids,  cold  or  hot,  dilute  or 
concentrated.  Hydrochloric  acid  changes  the  color  of  the  precipi- 
tate and  renders  it  almost  impossible  to  filter.  Insoluble  in 
acetic  acid,  cold  or  hot ;  when  freshly  precipitated  it  is  instantly 
soluble  in  oxalic  acid  but  reprecipitates  on  boiling.  It  seems 
that  at  least  two  different  compounds  are  produced ;  they  diffef 
both  in  color  and  solubility ;  the  greenish  one  is  soluble  in  oxalic 
acid  and  the  yellow  one  insoluble.  The  latter  is  formed  by  long 
standing  in  the  cold  or  rapidly  by  heating.  Both  give  ferric 
hydroxide  with  ammonia  or  potassium  hydroxide  in  the  cold. 
If  the  ferric  salt  and  the  cobalticyanide  solutions  are  mixed  hot, 
precipitation  of  the  yellow  compound  is  instantaneous,  no  matter 
which  reagent  is  in  excess.  The  well-washed  ferric  cobalti- 
cyanide gives  no  red  color  with  ammonium  thiocyanate. 

Ferrous  Cobalticyanide, — Ferrous  sulphate  and  potassium 
cobalticyanide  seem  to  give  a  normal  ferrous  cobalticyanide, — a 
slightly  yellow,  amorphous,  slow-settling  precipitate.  When  an 
excess  of  cobalticyanide  is  present  there  is  no  oxidation  or  change 
of  color  in  the  ferrous  cobalticyanide,  even  upon  long  boiling. 
The  precipitation  is  complete  and  filters  well.  With  nitric  acid, 
cold  and  hot^  and  with  hydrochloric  and  sulphuric  acids,  hot, 
there  is  oxidation.  The  precipitate  darkens  in  varying  degrees, 
most  with  nitric  and  least  with  sulphuric  acid.  After  treatment 
with  these  acids  the  precipitate  filters  badly.  No  change  is 
noticed  with  acetic  or  oxalic  acids;  in  the  presence  of  the  latter  it 
filter^  very  well.  With  ammonia  the  precipitate  is  partially 
decomposed  in  the  cold,  becoming  bluish,  and  by  boiling  is  com- 
pletely converted  into  ferrous  hydroxide.  With  potassium 
hydroxide  it  gives  a  greenish  tint,  darkening  on  standing, 
becoming  slate-colored  by  boiling,  forming  probably  a  mixture 
of  ferrous  and  ferroso-ferric  hydroxides. 
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Manganese  Cobalticyanide, — This  precipitate,  apparently  nor- 
mal, is  pure  white  and  filters  well.  It  is  insoluble  in  all  cold 
acids  but  not  absolutely  so  in  hot  mineral  acids.  Alkalies  decom- 
pose it  giving  first  Mn(OH),  and  later  by  oxidation,  Mn,0, 
(OH).. 

Zinc  CobaUicyanide  is  formed  when  a  solution  of  zinc  sulphate 
is  precipitated  by  potassium  cobalticyanide.  It  is  pure  white, 
settles  quickly  and  filters  well  ;  insoluble  in  hot  water,  cold  or 
hot  acids,  except  that  a  trace  seems  to  dissolve  in  hot  sulphuric 
acid.  This  precipitate  as  well  as  a  few  others,  e,  g.y  ferrous  and 
ferric  cobalticyanides,  on  boiling  with  hydrochloric  acid  passes 
into  a  condition  which  renders  it  impossible  to  filter  even  on 
double  filters.     It  is  very  soluble  in  alkalies. 

Cobalt  CobalHcyanide, — From  solutions  of  cobaltous  chloride, 
potassium  cobalticyanide  precipitates  a  rose-pink,  amorphous, 
rather  gelatinous  precipitate  which  is  insoluble  in  cold  and  hot 
acids.  At  100®  or  even  lower  it  looses  water  and  becomes  blue. 
This  fact  was  noted  by  Zwenger,  who  also  states  that  he  formed 
this  compound  by  heating  cobalticyanhydric  acid  with  concen- 
trated sulphuric  acid  and  diluting  with  water  before  the  decom- 
position was  complete.  A  peculiarity  of  many  cobalticyanides 
is  the  large  amount  of  water  which  they  retain  after  drying  at 
ICO®  C.  Zwenger  noticed  that  the  blue  anhydrous  cobaltous-co- 
balticyanide  rapidly  absorbs  moisture  from  the  air  and  that  when 
water  is  poured  upon  it,  there  is  a  considerable  evolution  of  heat. 
We  found  that  the  ferrocyanides  of  zinc  and  manganese  acted  in 
the  same  way.  When  cobaltous-cobalticyanide  is  treated  cold 
with  ammonia,  it  gives  a  brown  solution  and  pink  residue  ;  on 
boiling,  the  solution  becomes  pink  and  the  residue  greenish- 
brown.  The  presence  of  ammonium  salts  increases  the  solubil- 
ity of  this  compound  in  ammonia ;  it  is  completely  soluble  in 
concentrated  ammonia.  Caustic  potash  gives  first  blue  basic 
salts  and  on  standing  or  boiling  rose-colored  cobaltous  hydrox- 
ide. 

Nickel  Cobalticyanide  results  when  potassium  cobalticyanide  is 
added  to  solutions  of  nickel  salts.  Zwenger  states  that  this  pre- 
cipitate cannot  be  washed  free  from  potassium  salts  and  that  the 
pure  nickel  cobalticyanide,  Ni,Co,(CN),„  must  be  made  from 
cobalticyanhydric  acid  and  a  nickel  salt.     The  precipitate  is 
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robin's  ^%%  blue  in  color,  very  voluminous  and  dries  up  to  a  vit- 
reous mass  with  conchoidal  fracture.  It  is  insoluble  in  water 
and  acids,  cold  or  hot ;  soluble  completely  in  ammonia,  cold  or 
hot.  Potassium  hydroxide  gives  instantly  pale  green  nickel 
hydroxide. 

The  effect  of  the  reagents  used  on  the  precipitates  formed  by 
potassium  cobalticyanide  is  shown  by  the  accompanying  table. 
A  glance  at  this  tabulation  will  show  several  possibilities  for  new 
separations  : 

1.  The  lead  salt  is  exceedingly  soluble,  while  those  of  silver, 
copper,  and  bismuth  are  insoluble  in  either  water  or  nitric  acid. 
This  may  find  an  application  in  the  analysis  of  pig  lead,  when 
the  separation  of  relatively  small  quantities  of  these  impurities 
would  be  much  more  preferable  to  the  separation  of  the  lead  as 
sulphate.  The  separation  of  the  bismuth  can  be  effected  either  by 
treatment  with  hydrochloric  acid  which  dissolves  the  bismuth 
cobalticyanide  and  leaves  the  copper  as  cobalticyanide"  and  the 
silver  as  chloride,  or  by  ammonia  which  leaves  the  bismuth  and 
dissolves  the  copper  and  silver.  The  bismuth  compound,  if  not 
suitable  for  weighing,  qan  be  decomposed  by  potassium  hydrox- 
ide and  weighed  as  Bi,0,  or  one  of  the  new  volumetric  methods 
may  be  employed  for  its  estimation. 

2.  As  the  precipitation  of  ferric  cobalticyanide  in  the  cold  can 
be  completely  prevented  by  the  presence  of  ammonium  sulphate, 
and  probably  by  other  compounds,  it  is  possible  to  precipitate 
zinc,  manganese,  nickel,  or  cobalt  in  the  presence  of  iron.  With 
zinc  ores  containing  iron  and  manganese,  the  manganese  and 
zinc  can  be  precipitated  as  cobalticyanides  and  then  separated 
by  treatment  with  potassium  hydroxide,  which  readily  dissolves 
the  zinc  cobalticyanide  and  leaves  the  manganese  as  Mn,0,(OH),. 

Another  possible  application  is  in  the  analysis  of  nickel  steel, 
where  the  separation  from  ferric  iron,  if  sufficiently  complete, 
would  be  more  convenient  than  the  method  in  use,  based  on  the 
solubility  of  ferric  chloride  in  ether.  The  nickel  cobalticyanide 
after  filtration  can  be  converted  into  hydroxide  and  then  dissolved 
in  acid  for  the  cyanide  titration  or  for  electrolysis. 

These  and  other  possible  uses  of  the  cobalticyanides  are  under 
investigation  at  Columbia  University. 

Havemetbr  Hall,  December  6,  1899. 


SEVENTH  ANNUAL    REPORT    OF    THE  COnniTTEE    ON 
ATOMIC  WEIGHTS.     RESULTS  PUBLISHED  IN  1899. 

By  p.  W.  Clarke. 

Keceived  January  15, 1899. 

THE  year  1899  ^^^  °ot  been  remarkably  prolific  in  determina- 
tions of  atomic  weight ;  and  comparatively  few  investiga- 
tions have  been  published.  The  data  are  given  in  the  following 
pages,  plus  an  account  of  two  memoirs  which  appeared  in  1898, 
but  which  reached  this  country  only  after  the  report  for  that 
year  had  been  printed.  These  memoirs,  by  Vandenberghe  on 
molybdenum,  and  by  Kolle  on  cerium,  were  issued  outside  of 
the  usual  channels  for  chemical  publication,  and  so  seem  to 
have  escaped  general  notice  hitherto. 

BORON. 

An  elaborate  memoir  upon  the  atomic  weight  of  boron  has  been 
published  by  Gautier,*  who  worked  upon  four  different  com- 
pounds. All  weights  were  reduced  to  a  vacuum,  and  all  calcula- 
tions were  made  with  the  atomic  weights  recommended  a  year  ago 
by  the  committee  of  the  German  Chemical  Society. 
•  First,  sulphide  of  boron  was  decomposed  by  a  dilute  solution 
of  caustic  soda ;  the  solution  produced  was  then  oxidized  by 
means  of  bromine  water,  and  the  sulphur  was  precipitated  and 
weighed  as  barium  sulphate.  The  results  obtained  were  as  fol- 
lows : 


Weight  BaSj. 

Weight  BaSOf. 

Atomic  weight. 

0.2754 

I.6312 

11.032 

0.3380 

2.0004 

II.081 

0.3088 

1.8300 

11.000 

0.2637 

I.5614 

11.050 

Mean,     11. 041 

The  second  compound  studied  was  the  carbide,  B^C.  This 
was  heated  in  chlorine  gas  to  eliminate  boron  ;  the  residual 
carbon  was  then  weighed  directly,  and  afterwards  burned  in 
oxygen  to  reweigh  as  COj.  The  atomic  weights  given  below 
were  calculated  from  the  weight  of  the  carbon  dioxide. 

Weight  B.C.  Weight  C.  Weight  CO,.  Atomic  weight. 

0.2686  0.0429  0.1515  II.OOI 

0.3268  0.0512  0.1844  10.994 

Mean,     10.997 
1  Ann.  chim.phys.  (7),  x8,  352,  November,  1899. 
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With  the  third  compound,  boron  tribromide,  two  series  of 
experiments  were  made,  representing  two  preparations.  The 
bromide  was  in  e^ch  analysis  decomposed  by  water,  special  pre- 
cautions being  taken  to  avoid  explosive  reactions;  and  the 
bromine  was  finally  precipitated  and  weighed  as  silver  bromide. 

The  data  are  subjoined  : 

First  Series. 

Weight  BBrg.  Weight  AgBr.  Atomic  weight. 

3.II30  6.994  11.009 


3-3334 
37456 
3.2780 

4.2074 


7.490 
8.414 

7.364 
9452 


10.981 

11.043 
11.032 

11.026 


Mean, 

II.018 

Sbcond  Seribs. 

Weight  BBrs. 

Weight  AgBr. 

Atomic  weight. 

3.3956 

7.628 

11.037 

4.0295 

9.052 

11.032 

3.7886 

8.512 

11.003 

3. 171 1 

7.124 

11.026 

Mean,     11.025 

With  boron  trichloride  the  analyses  were  conducted  precisely 
as  in  the  case  of  the  bromide,  silver  chloride  being  the  final  prod- 
uct weighed. 

Weight  BClg.  Weight  AgCl. 

2.6412  9.682 

2.7920  10.234 

2.4634  9.026 

3.4489  12.640 

2.2015  8.070 

2.6957  9.878 


Atomic  weight. 
10.987 
'  11.000 
11.043 
II.013 
10.992 
11.030 


Mean,     11. on 

The  mean  of  the  values  obtained  from  the  bromide  and  chloride 
series,  11. 016,  is  the  value  which  Gautier  proposes  to  adopt. 

NITROGEN. 

Dean*  has  continued  the  investigation  which  was  reported  in 
1898,  relative  to  the  atomic  weight  of  nitrogen.  The  ratio 
studied  is  that  between  potassium  bromide  and  silver  cyanide, 
and  the  value  finally  found  is  N  =  14.031.  Only  an  abstract  of 
the  paper  has  yet  appeared. 

1  Chem.  News,  80,  379. 
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CALCIUM. 

A  paper  upon  the  atomic  weight  of  calcium,  by  T.  W. 
Richards,  was  read  at  the  meeting  of  the  American  Association 
for  the  Advancement  of  Science  in  August,  but  has  not,  at  the 
date  of  this  report,  been  fully  published.  Five  analyses  of  care- 
fully purified  calcium  chloride  were  made  to  determine  the  ratio 
CaCl, :  2AgCl.  Calculated  with  0=i6  and  CI  =  35.455,  the 
values  found  for  Ca  range  from  40.121  to  40.130,  the  mean  of 
all  being  40.126. 

NICKEL. 

The  work  of  Richards  and  Cushman  upon  the  atomic  weight 
of  nickel,  noticed  in  the  report  of  1897,  has  been  continued.* 
The  sublimed  bromide  was  reduced  in  hydrogen,  giving  the 
ratio  between  bromine  and  the  metal.  The  weights  corrected 
for  known  impurities,  and  the  values  found,  are  as  follows  : 

Weight  NiBr,.  Weight  Ni.  Atomic  weight. 

2.83325  0.76081  58.705 

3.21625  0.86358  58.696 

2.31241  0.62094  58.703 

2.87953  0.77330  58.710 

2.29650  0.61679  58.719 

2.98893  0.80272  58.714 

5.51291  1.48056  58.716 

2.24969  0.60415  58.710 

Mean,     58.709 

All  weights  represent  reductions  to  vacuum,  and  the  antecedent 
values  used  in  calculation  are  0=  16,  and  Br=  79.955.  The 
complete  agreement  with  the  former  determinations  is  almost 
startling.  A  full  discussion  of  earlier  determinations  is  given  at 
the  close  of  the  paper,  and  it  is  shown  that  the  work  of  Winkler 
and  of  Zimmermann  is  in  accord  with  the  new  data. 

COBALT. 

Just  as  in  the  case  of  nickel,  Richards  and  Baxter  have  extended 
their  observations  upon  cobalt,*  and  now  give  three  series  of  new 
determinations  dependent  upon  the  reduction  of  bromide  to 
metal.  In  the  first  series,  which  is  preliminary,  a  slight  impurity 
is  stated  as  **  residue  ;**  in  the  other  series  corrected  weights  are 

1  Proc.  Amer.  Acad.^  34, 327,  February,  1899. 
a  Ibid.,  34(  35I1  February,  1899. 
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given.     The  nature  of  the  impurity,  however,  is  fully  discussed 
in  the  paper. 


Weight  CoBr,. 

5.59216 

4.61944 

3-75291 
3.00645 


First  Series. 

Weight  Co.  Residue. 

1.50873  0.00193 

1.24807  0.00426 

I.OI713  0.00793 

0.81409  0.00510 


Atomic  weight. 
59007 

58.996 
58.989 

59-007 


Mean, 

59.000 

Second  Series. 

Weight  CoBr,. 

Weight  Co. 

Atomic  weight. 

5.32194 

1.43428 

58.996 

7.50786 

2.02321 

58.989 

2.32630 

0.62677 

58.973 

7.44694 

2.00736 

59011 

Mean, 

58.992 

Third  Series. 

Weight  CoBr,. 

Weight  Co. 

Atomic  weight 

5.I089I 

1. 37721 

59.016 

6.41339             * 

1.72850 

58.999 

6.59805 

1 .77876 

59.021 

3.02854 

0.81606 

58.982 

Mean,    59.004 

The  mean  of  the  second  and  third  series  is  58.998,  when  O  =  16 
and  Br=  79.955.     Vacuum  weights  are  given  throughout. 

In  a  still  later  paper*  Richards  and  Baxter  check  their  deter- 
minations of  the  atomic  weight  of  cobalt  by  experiments  upon 
the  chloride  and  oxide.  The  chloride  was  reduced  in  hydrogen 
to  metal,  and  the  data  obtained,  after  corrections  for  known 
impurities  and  reduction  to  a  vacuum,  were  as  follows : 


Weight  CoCl,. 

Weight  Co. 

Atomic  weight  Co. 

4.16483 

1.89243 

59.053 

2.30512 

1.04723 

59-035 

Mean,    59.044 

The  reduction  of  cobalt  monoxide  in  hydrogen  was  similarly 
effected,  but  with  varying  results  depending  upon  differences  in 
the  conditions  of  the  experiments. 

First,  three  determinations,  with  vacuum  weights,  gave  as 
follows : 

1  Proc.  Amer.  Acad.,  35,  6x,  August,  1899. 
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Weight  CoO. 

Weight  Co. 

Atomic  weight  Co 

7.04053 

5.53779 

58.962 

6.69104 

5.26312 

58.974 

7.8321 I 

6.15963 

58.927 

Mean,    58.954 

These  data,  which  are  not  sufficiently  concordant  among  them- 
selves or  with  the  bromide  determinations,  probably  indicate 
that  the  cobalt  oxide  contained  some  excess  of  oxygen.  In  a 
fourth  experiment  precautions  were  taken  to  avoid  this  difficulty, 
and  7.74242  grams  of  oxide  gave  6.09219  of  cobalt,  whence 
Co  =  59.068.  In  a  fifth  experiment,  resembling  the  fourth,  but 
with  differences  in  detail,  10.58678  grams  of  CoO  gave  8.3261 1 
of  metal,  corresponding  to  an  atomic  weight  of  Co  =  58.929. 

The  authors  give  elaborate  particulars  as  to  the  circumstances 
under  which  each  determination  was  made,  and  conclude  that 
cobalt  monoxide  varies  too  widely  in  its  composition  to  be  suit- 
able for  exact  measurements  of  atomic  weight.  The  true  value 
for  cobalt  undoubtedly  lies  between  58.93  anc^  59.07,  the  figure 
58.995,  obtained  from  the  bromide,  being  the  most  probable. 

MOLYBDENUM. 

In  1897  the  Belgian  Academy  of  Sciences  awarded  a  special 
Stas  prize  to  M.  Ad.  Vandenberghe  for  his  determination  of  the 
atomic  weight  of  molybdenum.  The  memoir  has  recently  been 
published,'  and  the  data  are  now  available. 

Vandenberghe  starts  out  with  molybdenum  dibromide,  scrupu- 
lously purified.  From  this  he  obtains  metallic  molybdenum,  by 
careful  reduction  in  hydrogen  at  a  white  heat.  The  atomic 
weight  determinations  are  made  by  the  oxidation  of  Mo  to  MoO„ 
by  means  of  pure  nitric  acid.  The  product  was  finally  dried  at 
a  temperature  of  from  350**  to  400°,  and  cooled  in  a  current  of 
oxygen.     The  data  obtained  are  as  follows : 

Weisrht  Mo.  Weight  MoO,.  Atomic  weight. 
0.7143                                         I.0711  95-851 

0.34S3  0.5177  95.899 

0.9693  1-4533  95.889 

0.5089  0.7631  95.854 

1. 7219  2.5820  95-855 

4-2597  6.3872  95.869 

1  Acad.  Roy.  des  Sciences,  M6moires  Couronn^s,  4to.  series,  Tome  56,  1898. 
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Reducing  all  weights  to  a  vacuum,  the  final  value  becomes 
95.829,  when  0=15.96.  If  0  =  16,  Mo  =  96.069.  If  O  = 
15.88,  then  Mo  =  95.349.  This  value  is  very  near  that  found 
by  Smith  and  Maas,  by  an  entirely  different  method,  but  rather 
higher  than  that  given  by  Seubert  and  Pollard.  For  all  prac- 
tical purposes  the  value  Mo  =  96  may  be  assumed. 

TUNGSTEN. 

Two  investigations  relative  to  the  atomic  weight  of  tungsten 
have  been  published  from  the  laboratory  of  the  University  of 
Pennsylvania.  The  first  one  by  G.  E.  Thomas'  contains  a 
record  of  experiments  upon  WO,  and  Na,W0^.2H,0.  The 
reduction  of  oxide  to  metal,  and  the  reverse  process  of  oxidation, 
gave  figures  ranging  from  183.51  to  184.22  for  the  atomic  weight 
of  tungsten,  and  work  along  this  line  was  discontinued.  With 
sodium  tungstate  three  series  of  dehydration  experiments  were 
made,  giving  the  ratio  between  water  and  the  anhydrous  salt  as 
the  measure  from  which  to  calculate.  These  results  also  were 
discordant,  and  Thomas  discards  the  method  as  unsuited  to 
accurate  determinations.  The  object  of  the  paper  seems  to  be 
negative,  and  to  show  that  neither  method  employed  is  adequate 
to  its  purpose. 

The  second  paper,  by  Professor  Smith,  contains  a  section  f>y 
W.  L.  Hardin,*  of  similar  purport  to  that  of  Thomas.  Exper- 
iments were  made  upon  the  oxide,  the  oxychloride,  barium* 
metatungstate,  and  the  precipitation  of  silver  by  metallic  tung- 
sten, and  each  method  was  found  to  be  defective.  Discordant 
results  were  obtained  in  each  set  of  trials.  The  mean  of  all 
experiments  upon  the  reduction  of  WO,,  and  the  oxidation  of 
tungsten  give  approximately  the  value  W  =  184.  This  value 
Hardin  thinks  it  best  to  accept  until  more  conclusive  determina- 
tions shall  have  been  made. 

CERIUM. 

KoUe's  dissertation'  upon  this  element  deals  partly  with  its 
atomic  weight  and  partly  with  other  matters.  His  material  was 
obtained  from  cerite,  and  was  purified  with  extreme  care.     lodo- 

1  This  Journal,  ax,  373,  April,  1899. 

s/^nf.,  ai,  1017,  Nbvember,  1899. 

•  BeitrHfire  ziir  Kenntniss  des  Cers.   Doctoral  Dissertation  by  Gotthold  KQllt.  Zurich, 

1898. 
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metric  determinations  of  cerium  salts  gave,  invariably,  results 
which  were  too  high,  and  which  led  him  to  believe  that  the 
source  of  error  was  in  the  accepted  atomic  weight  of  cerium,  an 
essentisj  factor  in  his  calculations. 

Accordingly,  new  determinations  of  atomic  weight  were  made 
by  the  standard  method  ;  namely,  the  ignition  of  cerium  sulphate 
to  cerium  dioxide.  Cerium  chloride  prepared  from  the  oxide, 
was  spectroscopically  examined,  and  found  to  be  free  from  other 
metals.  The  atomic  weight  data  are  as  follows,  computed  with 
0=  i6. 


WcigrhtCctCSOJ,. 

Weight  CeO.. 

Per  cent  CeO^. 

Atomic  weight. 

1.84760 

1. 1 1648 

60.429 

139- II 

1. 16074 

0.70078 

60.331 

138.78 

1-53599 

0.92722 

60.366 

138.73 

0.97196 

0.58661 

60.353 

138.64 

1.40374 

0.84760 

60.384 

138.84 

1.75492 

1.05956 

60.377 

138.80 

1.53784 

0.92853 

60.379 

138.82 

1.64233 

0.99150 

60.372 

138.76 

Mean,  138.81 
This  value  is  lower  than  any  of  the  .later  determinations,  but 
agrees  nearly  with  that  of  Wolf.  Like  Wolf,  and  like  some  other 
retent  investigators,  Kolle  obtained  a  white  eerie  oxide,  and 
he  regards  the  colored  preparations  of  former  researches  as  evi- 
dently impure.  Furthermore,  iodometric  estimations  made  on 
known  quantities  of  eerie  oxide  gave  good  results  when  the  new 
atomic  weight  was  used  in  calculation,  but  excesses  of  0.8  per 
cent,  when  Brauner's  or  Robinson's  value  was  employed.  So 
far  as  present  evidence  goes  there  is  a  presumption  in  favor  of 
Kolle 's  determination. 

PALLADIUM. 

Hardin's  research*  upon  the  atomic  weight  of  palladium  is 
based  upon  the  reduction  of  certain  compounds  in  hydrogen. 
Neither  of  the  salts  studied  had  been  previously  applied  to  deter- 
minations of  this  character,  and  the  results  obtained  are  there- 
fore of  special  value.  They  are,  moreover,  very  concordant,  and 
seem  to  be  more  nearly  conclusive  than  any  determinations  pre- 
viously made.     All  weights  were  reduced  to  a  vacuum,  and  the 

I  This  Journal,  ax,  943,  November,  1899. 
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calculations  are  based  updn  atomic  weights  given  in  the  table  of 
your  committee  for  1898. 

First,  diphenyl-pallad-diammonium  chloride  was  studied. 
After  reduction,  the  metal  was  heated  in  air  to  burn  off  possible 
free  carbon,  then  reheated  in  hydrogen,  and  cooled  in  air  to  pre- 
vent occlusion  of  the  former  gas. 


Weight  of  salt. 

Weigrht  Pd. 

Atomic  weight. 

0.98480 

0.28953 

107.06 

I.IOOOO* 

0.32310 

106.92 

1.02820 

0.30210 

106.96 

1. 19230 

0.35040 

107.00 

1.40550 

0.41300 

106.98 

1.26000 

0.37040 

107.04 

2.25510 

0.66310 

107.08 

Mean,     107.006 

The  second  series  of -determinations  was  made  upon  diphenyl- 
pallad-diammonium  bromide,  with  the  following  results  : 

Atomic  weight. 
107.01 
106.99 
107.03 
107.05 
107.10 

Mean,     107.036 

Finally,  ammonium  palladium  bromide  was  studied,  giving 
four  more  determinations. 


Weight  of  salt. 

Weight  Pd 

0.88567 

0.20917 

I.31280 

0.31000 

1.50465 

0.35540 

2.0x635 

0.47635 

2.92300 

0.69080 

Weight  of  salt 

Weight  Pd. 

Atomic  weight. 

0.77886 

0.18006 

107.03 

1. 53109 

0.35381 

106.96 

2.75168 

0.63614 

107.03 

I.88136 

0.43478 

106.98 

Mean,     107.00 

The  mean  of  all  three  series,  when  O  =  16,  is  107.014.  107 
then,  may  be  taken,  as  the  most  probable  value  for  the  atomic 
weight  of  palladium. 

RADIUM. 

Madame  Curie,'  having  prepared  a  large  quantity  of  radiferous 
barium  chloride,  has  determined  the  chlorine  in  several  fractions 

1  CKem.  NetvSy  80,  793. 
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of  the  material,  and  so  ascertained  the  atomic  weight  of  the 

metal  contained  in  it.  Three  determinations  gave  for  this  atomic 

weight :  * 

140.0 
140.9 
145.8 

Hence  the  atomic  weight  of  radium  is  higher  than  that  of 
barium,  although  its  true  value  is  still  unknown. 

THE  ELECTROCHEMICAL  EQUIVALENTS  OP  COPPER  AND  SILVER. 

This  subject  has  been  reinvestigated  somewhat  elaborately  by 
Richards,  Collins,  and  Heimrod.'  First,  copper  was  precipitated 
in  comparison  of  the  silver  and  copper  voltameters,  under  vary- 
ing conditions  as  to  temperature,  character  of  solution,  and  size 
of  plates,  and  the  results  are  summarized  as  follows  for  the  atomic 
weight  of  copper,  when  Ag  =  107.93. 

Large  plates,  cupric  solutions,  /.  20°,  Cu  ==  63.47 

/.  0°,  63.525 

Small       *•  *'  "  /.  0°.  63.547     . 

Medium  **     cuprous       *'  /,  0°,  63.573 

"  •*  **         /.  60°,  63.615 

Corrected  results  from  cupric  solutions,  Cu  =s  63.563 

a  value  0.041  lower  than  that  determined  by  chemical  processes. 
A  study  of  the  silver  voltameter  by  itself  showed  that  it  gives 
results  which  are  too  high  by  about  0.081  per  cent.  Correcting 
the  atomic  weight  of  copper  in  accordance  with  this  observation, 
the  true  value  is  found  to  lie  between  63.598  and  63.615.  The 
value  previously  established  by  Richards  was  63.604,  a  confirma- 
tion of  the  present  work,  which  is  to  be  continued. 

TABLE  OP  ATOMIC  WEIGHTS. 

In  the  following  table  of  atomic  weights  your  committee  give 
first  its  own  set  of  values,  based  upon  both  fundamental  stand- 
ards. Next  is  given  Richards*  table,  revised  for  1899,  and 
finally  that  of  the  German  Chemical  Society.  The  values  in  the 
German  table  are  rounded  off  to  convenient  approximations  for 
practical  use;  those  of  Richards  give  the  nearest  significant 
figure,  and  the  latter  policy,  which  is  wise,  has  also  been  adopted 
by  your  committee.     There  are,  however,  slight  differences  of 

1  Proc.  Amer.  Acad.,  35, 123,  December,  1899. 
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opinion  in  some  cases  as  to  where  the  nearest  significant  decimal 
place  really  is.     Hardin's  work  on  palladium  and  tungsten,  and 

Kolle's  research  on  cerium,  have  led  to  the  only  notable  changes 
from  last  year. 

Clarke. 

H  =s  X.  O  =  x6.  Richards.  German. 

Aluminum 26.9  27.1  27.1  27.1 

Antimony  ••- - ii9*5  120.4  120.0  120. 

Argon ?  ?  39.9?  40. 

Arsenic 74.45  75.0  75.0  75. 

Barium 136.4  I37-40  13743  137-4 

Bismuth 206.5  208.  i  20S.0  208.5 

Boron 10.9  ii.o  10.95  11. 

Bromine 79.34  79.95  79.955  79.96 

Cadmium m-55  112.4  112.3  112. 

Caesium I3i>9  I32-9  132-9  133- 

Calcium 39.8  40.1  40.1  40. 

Carbon 11. 9  12.0  12.001  12.00 

Cerium 138.0  139.0  140.  140. 

Chlorine 35.18  35.45  35-455  35-45 

Chromium 51.7  52.1  52.14  52.1 

Cobalt 58.55  59.00  59.00  59. 

Columbium 93.0  -93-7  94-  94. 

Copper  63.1  63.6  63.60  63.6 

Erbium 164.7  166.0  166.  166. 

Fluorine 1 18.9  19.05  19.05  19. 

Gadolinium 155-8  157.0  156.  ?  .... 

Gallium   69.5  70.0  70.0  70. 

Germanium  ••- 71.9  72.5  72.5  72. 

Glucinum 9.0  9.1  9.1  9.1 

Gold 195.7  197.2  197.3     ■  197.2 

Helium ?  ?  4.0?  4. 

Hydrogen i.ooo        1.008  1.0075  i.oi 

Indium 113.1  114.0  114.  114. 

Iodine 125.89  126.85  126.85  ^26.85 

Iridium 191. 7  193.1  193.0  193. 

Iron 55.6  56.0  56.0  56. 

Lanthanum 137.6  138.6  138.5  138. 

Lead 205.36  206.92  206.92  206.9 

Lithium 6.97  7.03  7.03  7.03 

Magnesium 24.  i  24.3  24.36  24.36 

Manganese 54.6  55.0  55.02  55. 

Mercury 198.50  200.0  200.0  200.3 

Molybdenum 95.3  96.0  96.0  96. 

Neody  mium 142.5  143.6  143-6  144. 

Nickel 58.25  58.70  58.70  58.7 


■• 
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Clarke. 

H  =  I.  O  =  16. 

Nitrogen 13.93,  1404 

Osmium  189.6  191.0 

Oxygen 15.88  16.000' 

Palladium 106.2  107.0 

Phosphorus 30'75  3i-o 

Platinum 193.4  194-9 

Potassium  38.82  39.11 

Praseodymium 139-4  140.5 

Rhodium 102.2  I03.0 

Rubidium 84.75  S5.4 

Ruthenium  100.9  loi  .7 

Samarium   149-2  150-3 

Scandium 43-8  44- 1 

Selenium 78.6  79.2 

Silicon .-.     28.2  28.4 

Silver 107.11  107.92 

Sodium 22.88  23.05 

Strontium  86.95  87.60 

Sulphur 31.83  32.07 

Tantalum 181. 5  182.8 

Tellurium 126.5  127.5? 

Terbium '.   158.8  160. 

Thallium 202.61  204. 15 

Thorium 230.8  232.6 

Thulium 169.4  170.7 

Tin 118.1  119.0 

Titanium 47-8  48.15 

Tungsten 182.6  184. 

Uranium 237.8  239.6 

Vanadium 51.0         51.4 

Ytterbium 171.9  173.2 

Yttrium   88.3  89.0 

Zinc 64.9         65.4 

Zirconium  89.7  90.4 


Richards. 

German 

14-045 

14.04 

190.8 

191. 

16.0000 

16.00 

106.5 

106. 

31-0 

31. 

195-2 

194.8 

39-140 

39.15 

140.5 

140. 

103.0 

103. 

85.44 

85.4 

IOI.7 

IOI.7 

150.0 

150. 

44. 

44.1 

79.2 

79.1 

28.4 

28.4 

107.930 

107-93 

23.050 

23.05 

87.68 

87.6 

32-065 

32.06 

183- 

183. 

127.5? 

127. 

160. 

•  •  •  • 

204.15 

204.1 

233- 

232. 

170.? 

•  •  •  • 

1 19.0 

I18.5 

48.17 

48.1 

184.4 

184. 

240. 

239.5 

51.4 

51.2 

173. 

173. 

89.0 

89. 

65.40 

65.4 

90.5 

90.6 

PRELIMINARY  COMMUNICATION  ON  THE  CHEMISTRY 

OF  MUCIN.' 

Bt  p.  a.  I4EVENB. 
Received  December  93, 1899. 

THE  proteids  may  be  divided  into  two  main  groups  :  First, 
simple  proteids,    second,   combined    proteids.       Of  the 
latter  the  most  common  are  the  nucleo-compounds  and  the  mu- 

1  Read  before  the  New  York  Section  of  the  American  Chemical  bociety,  November 
10,  1899. 
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cins.  The  mucins  at  present  are  considered  to  be  compounds  of 
proteids  with  carbohydrates.  ,  This  assumption  is  based  on  the 
fact  that  all  the  mucins  and  allied  compounds  yield,  on  prolonged 
treatment  with  dilute  mineral  acids,  substances  reducing  Pehling's 
solution  in  the  same  manner  as  glucose.  The  true  nature  of 
these  substances  was,  however,  unknown  to  the  first  workers  on 
mucin. 

The  first  successful  attempt  to  obtain  a  pure  carbohydrate  was 
made  in  Hoppe-Seyler's  laboratory.  Landwehr  stated  that  he  ob- 
tained from  various  mucins  a  substance  very  similar  in  its  proper- 
ties to  gum  and  named  it  '*  animal  gum.*'  He  did  not,  however, 
view  mucin  as  consisting  of  proteid  and  animal  gum,  molecularly 
combined.  In  his  opinion  mucins  were  only  a  mixture  of  the 
two  substances.  His  views  on  this  latter  point  were  subsequently 
retracted  by  the  author.  After  Landwehr  almost  every  investi- 
gator working  on  this  subject  sought  for  the  same  '  'animal  gum, ' ' 
and  many  claimed  to  have  obtained  it.  Hammarsten  succeeded 
but  once  in  obtaining  from  mucin  a  nitrogen-free  substance, 
which,  on  heating  with  mineral  acids,  was  capable  of  reducing  an 
alkaline  copper  solution.  Loebish  asserted  that  by  following  the 
conditions  indicated  by  Landwehr  he  obtained  the  same  **  animal 
gum"  from  the  mucin  of  fibrous  tissue. 

A  new  series  of  investigations  on  the  entire  question  of  **  ani- 
mal gum*'  was  very  recently  undertaken  by  Folin  in  Hammar- 
sten's  laboratory.  The  latter  doubting  for  certain  reasons  the 
correctness  of  Landwehr' s  statements,  followed  as  closely  as  pos- 
sible all  the  conditions  prescribed  by  Landwehr,  the  substances 
thus  obtained  never  being  free  from  proteid  material.  Instead 
of  "animal  gum"  he  obtained  a  '' mucinalbumose."  Most  of 
the  other  workers  investigated  only  the  composition  of  the  various 
mucins  as  such,  or  the  '* carbohydrates"  resulting  from  heating 
the  mucins  with  dilute  mineral  acids. 

There  is,  however,  one  property  of  all  the  mucins,  to  which 
sufficient  attention  has  not  been  directed.  The  mucins  possess 
very  marked  acid  properties,  more  distinct  than  any  simple  pro- 
teid, and,  in  fact,  more  than  any  carbohydrate, which  display  no 
acid  character  whatever.  In  explanation  of  the  acid  properties 
two  assumptions  may  be  made  :  First,  the  substance  reducing 
copper  (formed  on  heating  with  mineral  acids),  may  be  an  acid 
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derivative  of  some  carbohydrate,  and  secondly,  there  may  be 
some  acid  besides  the  proteid  and  carbohydrate  in  the  mucin 
molecule.  Loebisch  had  already  noticed  that  his  *  *animal  gum* ' 
would  decompose  carbohydrates,  and  Hammarsten  stated  that 
he  could  obtain  a  substance  with  acid  properties  from  mucins. 

The  object  of  this  work  was  to  make  a  thorough  study  of  the 
acid  part  of  the  mucin  molecule.  My  first  experiments  were 
made  on  tendo-mucin  obtained  according  to  the  method  of  Chit- 
tenden and  Gies.  The  pure  mucin  was  treated  for  twenty-four 
to  forty-eight  hours  with  a  2  per  cent,  sodium  hydroxide  solu- 
tion and  from  this  solution  a  substance  with  acid  properties  wiis 
obtained,  by  a  very  simple  method,  which  will  be  described 
when  the  work  is  completed. 

On  more  detailed  examination  the  substance  proved  to  be  ni- 
trogenous. It  did  not,  however,  give  the  biuret  reaction,  and  con- 
sequently was  free  from  proteids.  On  boiling  with  dilute  hydro- 
chloric acid  the  substance  reduced  Fehling*s  solution.  The  solu- 
tion of  the  substance  on  addition  of  hydrochloric  acid  and  barium 
chloride  remained  perfectly  clear,  but  on  boiling  yielded  a  white 
precipitate.  All  these  properties  are  peculiar  to  chrondroitin- 
sulphuric  acid.  Hence  it  was  natural  to  assume  some  relation- 
ship between  the  two  substances.  Two  grams  of  the  substance 
were  heated  on  a  water-bath  in  100  cc.  of  3  per  cent,  nitric  acid 
until  the  solution  gave  no  precipitate  with  alcohol  (this  con- 
sumed about  twenty  hours).  Several  volumes  of  alcohol  and 
ether  were  then  added  to  this  solution.  This  yielded  only  an 
opalescence  ;  upon  addition  of  a  few  drops  of  sodium  chloride  so- 
lution, however,  a  fine  white  precipitate  formed,  which  gave  the 
barium  test  for  chrondrosin. 

The  substance  gave  a  precipitate  with  a  solution  of  Witte's 
peptone  only  on  addition  of  acetic  acid  as  long  as  there  was  still 
some  of  the  sodium  salt  present.  When  the  acid  was  free  from 
sodium  salts,  it  gave  on  standing  with  a  neutral  albumose  solu- 
tion a  flocculent  slimy  precipitate,  resembling  genuine  mucin. 
Copper,  sodium,  and  barium  salts  of  the  substance  were  also 
obtained. 

ANALYSIS  OF   THE   COPPER   SALT. 

0.358  gram  of  the  substance  was  decomposed  with  hydrochloric 
acid  ;  the  copper  was  precipitated  with  hydrogen  sulphide  and 
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weighed  as  CuO  ;  0.0446  gram  CuO,  or  9.97  per  cent,  metallic 
copper  was  obtained. 

Schmiedeberg  found  the  percentage  of  copper  varying  between 
9.04  and  10.20  per  cent.     In  all  these  properties,  as  well  as  the  \ 

copper  content,  this  substance  resembles  chrondroitinsulphuric 
acid. 

The  next  question  was  whether  this  ethereal  or  compound  sul- 
phuric acid  was  only  a  contamination  of  the  mucin,  or  constitu- 
ted  an  integral  part  of  it.  Some  of  the  mucin  prepared  as  above 
was  dissolved  in  i  per  cent,  sodium  carbonate,  and  immediately 
treated  as  before  for  the  isolation  of  the  acid ;  only  traces  were, 
however,  obtained.  The  residue  was  washed  and  redissolved 
and  again  treated  in  like  manner ;  here  also  only  traces  were  de- 
tected. The  residue  was  then  thoroughly  washed  with  distilled 
water  until  the  substance  was  entirely  washed  out.  The  residue 
was  left  for  twenty-four  hours  in  200  cc.  of  2  per  cent,  solution 
of  sodium  hydroxide.  It  was  then  treated  as  above  for  the  iso- 
lation of  the  substance.  The  yield  was  a  very  good  one.  I  also 
observed  that  the  acid  can  be  split  off  from  mucin  on  digesting 
the  latter  on  the  water-bath  with  addition  of  a  few  drops  of  hy- 
drochloric acid.  On  digestion  with  pepsin-hydrochloric  acid  the 
mucin  also  yielded  the  same  acid  even  after  twenty-four  hours  of 
digestion.  Afte/  hree  weeks  of  digestion  part  of  the  mucin, 
however,  remained  undissolved.  The  investigation  into  the 
nature  of  the  residue,  as  well  as  of  the  proteoses  thus  formed,  has 
so  far  not  been  completed. 

The  next  question  was  whether  only  the  tendo-mucin  is  a  com- 
pound of  an  ethereal  sulphuric  acid,  or  whether  all  the  mucins 
and  mucoids  have  the  same  composition.  The  investigation  be- 
fore us  thus  far  embraces  only  the  submaxillary  mucin  and  the 
substance  of  a  mucoid  carcinoma.  The  submaxillary  mucin 
was  obtained  by  the  following  method :  Freshly  removed 
glands  were  placed  in  ether  immediately  after  the  death  of  the 
animal,  and  then  brought  to  the  laboratory.  There  they  were 
minced  in  a  chopping  machine  and  allowed  to  macerate  with  dis- 
tilled water  for  twenty-four  hours  (large  quantities  of  chloroform 
being  added  to  keep  the  tissue  from  decomposing).  The  ex- 
tract was  then  strained  through  gauze,  well  shaken  with  ether 
in  separatory  funnels,  and  left  in  the  latter  for  twenty- four  hours. 
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This  process  caused  all  the  tissue  particles  and  the  fat  to  collect 
on  the  surface,  the  lower  layer  remaining  perfectly  clear.  It  was 
then  filtered  and  treated  for  mucin  according  to  the  method  of 
Hammarsten.  The  substance  was  redissolved  and  reprecipitated 
twice.  This  mucin  was  treated  in  the  same  way  as  the  tefldo- 
mucin  for  the  ethereal  sulphuric  acid.  But  instead  of  the  latter 
a  substance  was  obtained  very  similar  to  that  obtained  by  Folin 
in  Hammarsten's  laboratory,  and  which  he  called  mucinal- 
bumose. 

After  several  futile  attempts  to  obtain  the  acid  free  from  pro- 
teids  I  finally  obtained  positive  results  by  the  following  method : 
The  mucin  was  digested  for  one  hour  in  a  Koch  sterilizer  with 
O.I  percent,  hydrochloric  acid  solution.  The  solution,  being 
then  neutralized  with  sodium  hydroxide,  was  treated  with  large 
quantities  of  alcohol.  The  precipitates  thus  formed  were  treated 
with  5  per  cent,  sodium  hydroxide  and  allowed  to  stand  over 
night.  This  solution  was  treated  in  two  different  ways,  each 
yielding  positive  results:  (i)  The  solution  was  treated  with 
Brucke's  reagent  and  hydrochloric  acid.  The  filtrate  did  not 
give  any  precipitate  on  addition  of  alcohol  and  ether.  If,  how- 
ever, a  sufficient  quantity  of  sodium  hydroxide  was  added  pre- 
viously to  the  alcohol  to  render  the  solution  slightly  alkaline,  a 
yellowish  precipitate  was  formed  very  similar  to  that  of  the  so- 
dium salt  of  the  ethereal  sulphuric  acid.  The  precipitate  was 
redissolved  in  dilute  sodium  hydroxide  solution,  filtered  and  re- 
precipitated  with  alcohol.  The  substance  thus  obtained  precip- 
itated an  acid  solution  of  albumose,  reduced  Fehling's  solution 
on  boiling  with  hydrochloric  acid,  and  on  addition  of  hydro- 
chloric acid  and  barium  chloride  gave  a  precipitate  only  upon 
heating.  It  was  nitrogenous  and  did  not  give  the  biuret  reaction. 
There  was  not  enough  of  the  substance  to  attempt  the  chron- 
drosin  test. 

In  another  experiment  phosphotungstic  acid  was  used  instead 
of  Brucke*s  reagent.     The  result  was  the  same. 

From  this  may  be  concluded  that  the  submaxillary  mucin 
contains  in  its  molecule  a  substance  which  is  either  chondroitin- 
sulphuric  acid  or  closely  related  to  it.  The  investigation  of  a 
mucoid  carcinoma  by  the  same  method  as  the  submaxillary 
mucin  revealed  the  presence  of  a  similar  substance.     The  study 
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of  ovomucoid,  mucoid  of  the  thyroid  gland  and  of  a  mucoid 
tumor  is  now  in  progress. 

I  was  prompted  to  make  the  present  communication  by  the 
fact  that  about  ten  days  ago  an  article  appeared  in  Hoppe-Sey- 
ler's  Zeitschrift.  The  author  analyzed  an  ovarial  mucoid  and 
found  a  substance  similar  to  chondroitinsulphuric  acid.  His 
findings  on  the  latter  mucoid  coincide  with  mine  on  several  mu- 
cins and  justify  the  conclusions  I  was  ready  to  draw  from  my 
work,  that  mucins  are  not  simple  compounds  of  proteids  and 
carbohydrates,  but  are  proteid  derivatives  of  an  ethereal  sul- 
phuric acid. 

I  consider  it  premature  at  this  moment  to  state  positively  the 
nature  of  this  combination. 
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THE  DETERHINATION  OF  GLYCOGEN  AND  RELATIVE 
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PARTS  OF  THE  FLESH  OF  A  HORSE. 

By  J.  K.  Haywood. 
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A  GREAT  many  methods  have  been  proposed  for  the  estima- 
tion of  glycogen/  but  on  trying  them  I  found  that  nearly 
all  were  open  to  some  serious  objection,  which  rendered  their 
employment  either  entirely  out  of  the  question  or  the  results 
obtained  very  doubtful.  I  have,  therefore,  worked  out  a  method 
which,  although  not  new  in  principle,  is  new  in  many  of  the 
details  which  go  to  making  up  a  fairly  accurate  and  speedy  pro- 
cedure. But  first  I  will  speak  of  some  of  my  preliminary  exper- 
iments to  show  future  workers  in  this  field,  at  least,  what  not 
to  do. 

1  Wiley'a  ''Principles  and  Practice  of  Ag^ricultural  Analysis",  3,  554. 
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Having  seen  in  a  paper  by  Von  Wittich*  that  glycogen  might 
be  determined  by  digesting  the  sample  of  meat  on  tbe  steam-bath 
for  two  or  three  hours,  with  water  containing  a  few  drops  of  sul- 
phuric acid,  filtering,'  neutralizing,  filtering  again,  determining 
the  reducing  sugar  in  the  filtrate  by  Fehling  solution,  and  from 
that  figure  calculating  the  glycogen,  I  thought  I  would  try  this, 
as  it  seemed  the  easiest  way.  I  added,  however,  more  than  a 
few  drops  of  sulphuric  acid, — in  fact,  made  a  3  percent,  solution; 
for  it  is  well  known  that  glycogen  is  more  resistant  to  the  action 
of  acids  than  starch,  and  a  few  drops  of  sulphuric  acid  would 
not  convert  starch  in  this  time.  I  also  continued  the  digestion 
for  six  hours.  I  encountered  a  diflftculty  at  once;  z.  e, ,  the  mix- 
ture would  not  filter  after  digestion,  except  very  slowly, — ^so 
slowly  that  a  practical  use  of  the  method  ^was  impossible.  I 
therefore  neutralized  immediately  after  digestion,  made  to  a  vol- 
ume, and  filtered  off  an  aliquot  portion,  which  still  took  a  long 
enough  time,  but  was  much  shorter  than  filtering  the  whole. 
Using  a  dried,  ether-extracted  liver,  I  obtained  results  of  1.27 
and  1.29  per  cent,  glycogen,  which  looked  encouraging  from  the 
closeness  of  the  duplicates.  The  Fehling  solution  filtrate,  how- 
ever, looked  dirty,  and  the  copper  suboxide  precipitated  was 
not  red,  but  a  dirty  green,  such  as  no  chemist  likes  to  see. 

I  therefore  carried  through  a  sample  of  the  liver,  using  the 
above  method,  except  that  at  the  end  the  solution  was  clarified 
with  lead  subacetate,  the  excess  of  lead  removed  by  sodium  sul- 
phate, and  the  dextrose  determined  in  the  filtrate.  In  this  way 
a  clear  Fehling  filtrate  was  obtained,  but  the  results  did  not  at 
all  compare  either  with  each  other  or  with  those  (1.29  and  1.27) 
mentioned  above.  In  one  case  I  obtained  a  result  of  0.87  per 
cent,  glycogen,  and  in  a  duplicate  0.00  per  cent,  glycogen. 

Thinking  from  the  work  of  Kiilz  and  Borntrager*  that  hydro- 
chloric acid  might  be  a  better  agent  to  convert  the  glycogen  to 
dextrose,  I  next  boiled  some  of  the  liver  for  three  hours  with 
200  cc.  of  water  and  20  cc.  of  hydrochloric  acid  (sp.  gr.  1.125), 
neutralized  with  sodium  carbonate,  and  filtered  just  as  in  the 
determination  of  starch.  The  result  on  a  non-clarified  portion 
was  4.72  per  cent,  glycogen,  and  on  a  portion  clarified  by  lead 

1  Central-Blati.  f.  d.  med.  IVissenschaft,  13,  292  (1875). 

2  Archiv.f.  d.  ges.  Physiologic^  24,  28. 
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sabacetate,  and  the  excess  of  lead  removed  by  sodium  sulphate, 
the  result  was  1.25  per  cent,  glycogen.  I  again  determined  the 
glycogen  as  above,  except  that  the  solution  at  the  end  was  clari- 
fied with  neutral  lead  acetate,  and  results  of  only  0.03  and  0.04 
per  cent,  glycogen  were  obtained. 

I  next  added  i  per  cent,  of  starch  to  a  sample  of  meat  which 
gave  no  glycogen  by  the  above  method,  and  i  percent,  of  glyco- 
gen to  another  portion  of  the  same  meat.  The  samples  thus  pre- 
pared were  treated  just  as  in  the  determination  of  starch,  and  at 
the  end  clarified  with  neutral  lead  acetate,  and  the  excess  of 
lead  removed.  Proceeding  in  this  way  I  could  only  recover  0.08 
per  cent,  starch  and  0.00  per  cent,  glycogen. 

With  results  thus  varying  in  the  case  of  a  sample  of  liver  from 
0.00  per  cent,  to  4.72  per  cent.,  and  results  of  0.00  per  cent,  and 
0.08  per  cent.,  where  i  per  cent,  of  glycogen  and  i  per  cent,  of 
starch  respectively  had  been  added,  it  appeared  that  the  method 
was  absolutely  worthless  ;  so  it  was  abandoned. 

It  may  seem  strange,  at  first  sight,  that  no  better  results  than 
the  above  could  be  obtained  following  after  Kiilz  &  Borntrager' 
who  had  worked  out  a  method  based  on  the  inversion  of  glyco- 
gen to  dextrose  and  the  determination  of  the  latter  by  Fehling 
solution  ;  but  this  apparent  contradiction  will  disappear  when  I 
call  attention  to  the  fact  that  Kiilz  only  worked  on  pure  glyco- 
gen, and  in  no  case  mixed  his  glycogen  with  meat  and  recovered 
it. 

I  did  not  make  an  attempt  to  estimate  glycogen  by  means  of 
the  polariscope,  as  also  given  by  Kiilz,*  because  Kiilz  had  worked 
with  rather  large  quantities,  so  that  if  only  0.00  to  1.5  per  cent, 
of  glycogen  were  present  the  determination  would  be  very 
uncertain,  since  if  a  workable  quantity  of  the  meat  were  used 
(say  50  to  60  grams) ,  the  reading  on  the  sugar  scale  would  be 
only  £t  few  tenths  of  a  degree. 

Estimating  glycogen  by  the  depth  of  its  color  with  iodine, 
according  to  Goldstein,'  was  not  employed,  as  it  has  been  shown 
to  be  worthless  by  many  subsequent  investigators. 

A  qualitative  test  for  glycogen  by  the  test  of  Brautigam  and 

'^Archiv.f.  d.ges.  Pkysiologie^  34,  28. 

^  Ihid.^  94,  87  and  34,  90. 

'  Verhandlungen  der physik-med.  Gesell.  in  IVitrzburg^  7,  i. 
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Edelmann/  by  means  of  iodine,  was  not  employed,  because  sub- 
sequent investigators  have  been  able  to  obtain  the  same  test  with 
other  meats  besides  horse  meat,  notably  on  beef. 

I  therefore  decided  to  try  the  method  of  Briicke,*  which 
appeared  to  promise  better  results  than  any  of  the  other  gravi- 
metric methods.  Briicke  digests  the  meat  on  the  steam-bath 
with  water,  filters,  precipitates  the  proteid  matter  in  hydrochloric 
acid  solution  with  the  double  iodide  of  potassium  and  mercury, 
again  filters,  precipitates  the  glycogen  in  the  filtrate  with  alco- 
hol, filters  on  a  weighed  filter,  washes  first  with  60  per  cent, 
alcohol,  then  with  95  per  cent,  alcohol,  then  with  ether,  dries  at 
1 15*^  C,  and  weighs.  This  method  has  been  examined  by  many 
later  investigators.  Kiilz'  found  that  an  extraction  of  the  meat 
with  water  was  not  sufficient,  but  that  it  was  better  to  employ  a 
weak  solution  of  potassium  hydroxide.  Kratschmer^  found  that 
the  hydrochloric  acid  of  the  Briicke  reagent  acted  on  the  freshly 
precipitated  glycogen  ;  also  that  it  was  best  to  first  dry  the  gly- 
cogen at  8o*'-ioo®  C. ,  and  then  at  115**.  I  took  all  of  these  points 
into  consideration  when  working  out  the  method. 

But  first  of  all  a  serious  difficulty  was  met  with.  It  was  found 
impossible  to  filter  the  meat  digested  with  potassium  hydroxide 
in  a  reasonable  length  of  time,  and  nearly  impossible  to  get  off 
any  fair-sized  aliquot  portion.  Instead  of  filtering  after  the 
digestion  with  a  weak  solution  of  potassium  hydroxide,  the  mix- 
ture was  made  immediately  acid  with  hydrochloric  acid,  in  the 
presence  of  the  unattacked  residue,  Briicke's  reagent  added  to 
precipitate  proteid  matter,  the  whole  made  to  a  volume,  and 
an  aliquot  portion  filtered  off.  In  this  way  a  very  easily  fil- 
terable mass  was  obtained.  After  an  aliquot  portion,  say  250 
cc.  out  of  500  cc,  had  been  thus  obtained,  it  was  neutralized 
with  a  solution  of  potassium  hydroxide  (using  a  drop  of  phenol- 
phthalein  as  indicator,  and  noting  the  amount  of  hydroxide 
employed)  to  get  rid  of  the  hydrochloric  acid,  which  would, 
according  to  Kratschmer,  act  on  the  glycogen.  When  exact 
neutralization  had  been  obtained,  small  fiakes  of  some  non-gly- 
cogen  material  would  usually  separate  out.     These  were  filtered 

1  Ztschr,  anal.  Chem.y  33,  98. 

«  Central- Blaii  /.  d.  med.  WUitnschafly  1871,  388. 

>  Ztschr.  fUr  Builogie^  sa,  i6z. 

4  Arckiv.  f.  d.ges.  Physiologie,  24,  134. 
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off,  a  few  drops  of  hydrochloric  acid  added  to  the  filtrate,  and 
twice  the  volume  of  92  to  95  per  cent,  alcohol  added.  The  pre- 
cipitated glycogen  was,  at  the  end  of  a  few  hours,  filtered  off 
through  a  weighed  filter,  washed  first  with  60  per  cent,  alcohol, 
then  with  95  per  cent,  alcohol,  then  with  ether,  dried  at  80**- 100* 
C,  then  at  115°  C.  and  weighed  again,  the  gain  representing 
glycogen.  In  this  way  a  result  of  0.51  per  cent,  was  obtained 
on  a  dry  roast  beef,  and  where  0.87  per  cent,  and  1.61  per  cent, 
glycogen  were  added,  0.82  per  cent,  and  i  .54  per  cent,  respectively 
were  recovered.  In  each  of  the  above  determinations,  however, 
something  seemed  to  come  down  besides  the  glycogen,  and  on 
treating  the  filter  with  hot  water  this  would  mostly  remain  as  a 
residue,  knd  the  glycogen  be  dissolved.  It  appeared  from  this, 
then,  that  a  much  better  method  than  the  one  above  was  to 
weigh  the  filter  and  contents  after  drying,  then  dissolve  out  gly- 
cogen with  water,  dry  and  weigh  again,  and  thus  determine  gly- 
cogen by  the  difference  in  weight.  To  test  this  I  carried  through 
a  sample  of  roast  beef,  and  on  the  water-free,  fat-free  sample  by 
first  method  obtained  a  result  of  0.3  per  cent,  glycogen  ;  by  sec- 
ond, 0.17  per  cent,  glycogen;  on  a  liver  I  obtained  1.53,  1.56 
per  cent,  by  the  first,  and  by  second,  1.04,  i.io  per  cent.;  on  a 
chicken  I  obtained  0.35  per  cent,  by  the  first,  and  by  the  second 
0.26  per  cent.  It  would  therefore  appear  that  all  of  the  proteid 
matter  was  not  precipitated  by  the  double  iodide  of  potassium 
and  mercury,  but  that  some  which  was  nearly  entirely  insoluble 
in  water  came  down  with  the  glycogen  and  remained  on  the  fil- 
ter when  the  glycogen  was  dissolved. 

From  all  of  the  above  work  I  have  settled  upon  the  following 
method  for  determining  glycogen.  From  50  to  60  grams  of  meat, 
after  having  been  run  through  a  sausage  grinder,  is  treated  in 
an  evaporating  dish  with  300  cc.  of  a  i  per  cent,  potassium 
hydroxide  solution,  and  heated  on  the  steam-bath  for  about  six 
hours,  water  being  added  from  time  to  tipie,  so  that  the  volume 
never  becomes  less  than  150  cc.  Finally  the  water  is  removed  by 
evaporation  until  about  150  cc.  remain.  This  is  made  slightly  acid 
with  hydrochloric  acid  (1-5),  and  hydrochloric  acid  and  double 
iodide  of  potassium  and  mercury*  added  alternately  until  allpro- 

1  The  double  iodide  of  potassium  and  mercury  is  prepared  by  first  precipitatinsf  a 
solution  of  mercuric  chloride  with  potassium  iodide,  washing  the  precipitated  mercuric 
iodide  till  free  of  chlorides,  then  saturating  a  10  per  cent,  potassium  iodide  solution  with 
the  mercuric  iodide  at  the  boiling  temperature 
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teid  matter  is  precipitated.  The  hydrochloric  acid  is  added 
about  2  cc.  at  a  time,  and  the  double  iodide  of  potassium  and 
mercury  about  lo  cc.  at  a  time.  Usually  about  20-25  cc.  acid 
(1-5)  and  70-100  cc.  of  the  iodide  solution  are  required.  When 
the  proteid  matter  separates,  and  leaves  a  clear  liquid  layer 
above,  a  small  amount  of  this  is  carefully  poured  off  and  tested 
for  complete  precipitation.  If  the  precipitation  is  not  complete 
the  liquid  is  returned,  and  the  proteid  precipitant  added  until 
the  clear  liquid  above  the  proteid  matter  gives  no  precipitate 
with  hydrochloric  acid  and  the  double  iodide  solution.  Some- 
times, not  often,  the  proteid  matter  will  not  separate.  In  this 
case  follow  Kiilz's  method  of  nearly  neutralizing  with  potassium 
hydroxide  and  adding  again  hydrochloric  acid,  and  the  precipi- 
tate will  usually  flocculate.  The  proteid  matter  being  now  pre- 
cipitated as  completely  as  possible,  the  whole  is  transferred  to  a 
500  cc.  flask,  made  to  the  mark  with  water,  well  shaken,  and  an 
aliquot  portion  (say  250  cc.)  filtered  through  a  fluted  filter.  A 
drop  or  two  of  phenol  phthalein  is  now  added,  and  the  solution 
titrated  to  exact  neutrality  with  a  concentrated  solution  of  potas- 
sium hydroxide,  noting  the  amount  used.  If  a  slight  amount  of 
flakey-looking  matter  separates  at  this  point,  the  liquid  is  again 
passed  through  a  fluted  filter,  and  such  a  volume  taken  as  will 
correspond  to  2/5  of  the  original  material,  of  course  taking  into 
consideration  the  number  of  cubic  centimeters  of  potassium 
hydroxide  used  to  neutralize  the  hydrochloric  acid.  Three  or 
four  drops  of  concentrated  hydrochloric  acid  are  now  added,  and 
twice  the  volume  of  from  93  to  95  per  cent,  alcohol.  After  stand- 
ing two  or  three  hours  the  precipitated  glycogen  is  filtered  off 
through  a  paper  filter,  washed  with  60  per  cent,  alcohol,  then 
with  95  per  cent,  alcohol,  then  with  ether;,  dried  at  So'^-ioo"  C, 
then  at  115°  C,  and  weighed  in  a  weighing  tube.  The  filter  is 
then  extracted  thoroughly  with  boiling  water,  dried  again  at 
115**  C,  and  again  weighed  in  a  weighing  tube,  the  difference 
in  weight  representing  glycogen. 

Proceeding  in  this  way,  I  obtained  on  roast  beef  o.  17  per  cent, 
glycogen,  calculated  to  the  dry,  fat-free  basis  ;  where  0.87  per 
cent,  glycogen  was  added,  0.78  percent,  was  recovered  ;  and 
where  1.72  percent,   glycogen  was  added,    1.57  per  cent,  was 
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recovered.     Close  duplicates  were  also  obtained  by  this  method, 
as  shown  from  the  following  work  : 

On  a  liver  the  results  were  1.04  and  i.io  per  cent,  calculated  to  dry,  fat- 
free  basis. 

On  a  chicken  the  results  were 0.26  and  0.29  per  cent,  calculated  to  dry, 
fat-fnee  basis. 

On  an  ox  tongue  the  results  were  0.27  and  0.30  per  cent,  calculated  to 
dry,  fat-free  basis. 

On  another  oxtongue  the  results  were  0.65  and  0.62  per  cent,  calculated 
to  dry,  fat-free  basis. 

Following  will  be  found  the  analysis  of  three  parts  of  three  dif- 
ferent horses,  the  glycogen  of  which  was  determined  by  the 
above  method.  First  I  will  mention,  however,  that  in  addition 
to  the  direct  determination  of  glycogen  I  also  estimated  the 
reducing  sugars  in  a  water  extract  of  each  sample  of  meat,  as 
suggested  by  Niebel'  to  find  the  amount  of  glycogen  that  had 
been  converted  to  dextrose.  This  was  done  by  boiling  the  meat 
three  separate  times  with  500  cc.  portions  of  water,  pouring  off 
the  water  each  time,  evaporating  to  a  small  volume,  clarifying 
with  neutral  lead  acetate,  removing  excess  of  lead  with  sodium 
carbonate,  making  to  a  volume,  filtering  ofi  an  aliquot  portion, 
and  determining  the  dextrose  in  the  filtrate  by  Allihn*s  method. 
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In  four  of  the  above  samples  a  determination  was  made  of  the 
amount  of  nitrogen  in  the  glycogen  dissolved  from  the  filter,  to 

1  Ztschr,f.  Fleisch.  u.  Milch.  Hygiene^  x,  185,  210,  and  5,  86,  130. 
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see  how  much,  if  any,  proteid  matter  had  not  been  removed,  but 
still  contaminated  the  glycogen.  In  four  more  of  the  above  sam- 
ples a  determination  was  made  of  the  amount  of  ash  in  the  gly- 
cogen to  see  if  a  correction  was  necessary.  The  results  are  given 
below. 
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It  will  thus  be  seen  that  only  a  small  percentage  of  the  glyco- 
gen consists  of  proteid  matter  and  ash,  and  when  these  two  are 
added  together,  and  calculated  back  as  per  cent,  of  the  original 
substance,  the  figure  for  glycogen  will  only  be  altered  by  about 
0.02  per  cent. 

In  several  other  determinations  of  glycogen,  the  glycogen 
which  was  dissolved  from  the  filter  was  evaporated  to  a  small 
volume  and  tested  with  Briicke  reagent  and  with  bromine,  to 
see  if  any  proteid  matter  was  precipitated.  In  no  case  did  any 
come  down. 

From  this  work  it  will  be  seen  that  the  glycogen  obtained  is 
quite  pure,  only  a  small  portion  consisting  of  ash  and  proteid 
matter.  The  small  plus  error  caused  by  these  substances,  in  all 
probability,  about  balances  the  negative  error  caused  by  the 
action  of  hydrochloric  acid  on  the  glycogen  during  the  precipita- 
tion of  proteid  matter. 

While  the  above  method  is,  I  think,  much  more  accurate  than 
the  original  Briicke  method,  it  does  not  possess  the  accuracy  of 
a  chlorine  or  sulphuric  acid  determination,  but  this  is  not  neces- 
sary, since  the  end  of  the  work  is  not  to  know  the  amount  of 
glycogen  to  o.oi  per  cent.,  but  to  distinguish  horse  meat  from 
other  meats  by  its  high  content  of  glycogen. 
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Appended  will  be  found  analyses  of  several  parts  of  a  single 
horse.  These  are  not  given  to  show  anything  about  the  accu- 
racy of  the  method,  but  to  increase  the  data  relating  to  the 
amount  of  glycogen  in  different  cuts  of  horse  meat.  The  horse 
was  one  which  had  been  killed  in  an  accident,  three  days  before 
the  analysis  was  made. 
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1  Second  cut  of  ronnd  •  >  74.36  3.27  0.49  0.00  2.19  0.00 

2  First  cut  of  round ... .  73.77  3.23  0.27  0.05  1.17  0.22 

3  Shoulder  clod 73.54  5.27  0.58  0.05  2.73  0.23 

4  Cross  ribs 73-86  6.30  0.32  0.04  1.62  0.20 

5  Chuck 68.00  15.39  0.34  0.00  2.05  0.00 

6  Plate 52.16  33.66  0.41  0.00  2.89  0.00 

7  Brisket 66.70  12.16  0.46  0.006  2.17  0.03 

I  would  like  to  express  my  thanks  to  Dr.  W.  D.  Bigelow,  of 
this  Division,  for  putting  at  my  disposal  a  very  complete  bibli- 
ography of  glycogen.  Since  his  work  will  shortly  appear  in 
print,  I  will  not  attempt  to  go  into  the  literature  of  the  subject. 
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BRASS  plating  by  electrolysis  was  discovered  in  1841,  and  the 
original  process,  with  a  few  modifications,  is  still  in  use  at 
the  present  time.  The  formulas  for  the  preparation  of  the  bath 
are  entirely  empirical,  the  subject,  so  far  as  I  know,  having  never 
been  treated  from  the  theoretical  standpoint.  The  purpose  of 
this  paper  is  to  consider  the  reaction  by  the  light  of  our  present 
knowledge  of  electrochemistry,  and  to  present  the  theory  of 
the  process  which  results. 

When  a  metal  with  a  high  electrolytic  solution  pressure  (Zn) 
is  placed  in  an  acid  solution  and  connected  by  a  wire  to  a 
plate  of  platinum,  immersed  in  the  same  liquid,  hydrogen  gas  is 
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given  off,  at  the  platinum  side,  in  the  form  of  bubbles.  The 
chemical  reaction  is 

Af+//+A=  M+  A  +  //^gas, 

where  M  represents  a  monovalent  metal,  and  HA  a  monobasic 

+  — 

acid,  which  is  dissociated  into  the  ions  /fsLud  A.     The  process 

consists,  essentially,  in,  the  formation  of  metallic  ions,  which 

force  ions  of  hydrogen  out  of  the  solution.     A  certain  difference 

of  potential  results  from  this  Reaction  which  may  be  calculated 

by  aid  of  the  formula 

_        0.0002    ^.  P  ,  '7-1  ^i        u 

^  = y  log.-- 0.0002  y  log.— r  volts, 

where  n  is  the  valence  of  the  metal.  Pits  electrolytic  solution 
pressure,  and/  the  osmotic  counter  pressure  of  the  metallic  ions 
in  solution,  while  Py  and/,  are  the  corresponding  figures  for 
hydrogen.  The  end  of  such  a  reaction  will  be  reached,  of  course, 
when  the  solution  is  saturated  with  ions  of  the  metal ;  i,  tf.,  when 
all  ions  of  hydrogen  have  disappeared. 

When  a  metal  possessing  a  low  electrolytic  solution  pressure 
(Cu)  is  placed  in  acid,  no  hydrogen  gas  is  given  off,  and  ions  of 
this  metal  in  a  solution  would  precipitate  in  the  metallic  form 
upon  the  plate. 

When  the  metal  plate  in  the  above  arrangement  is  used  as  the 
anode  of  a  decomposition  cell  the  general  action  of  a  metal  with 
a  high  electrolytic  solution  pressure  is  the  same,  only  intensified. 
With  a  metal  of  low  electrolytic  solution  pressure  the  action  is 
reversed  so  that  if  the  electromotive  force  is  made  suflSciently 
high  the  metal  acts  as  one  of  the  former  class  and  separates 
hydrogen  from  the  acid.  The  value  of  the  term  P  then  can 
always  be  increased  by  an  external  electromotive  force.  Thus 
by  reversing  a  Daniell  cell  and  sending  a  current  from  the  copper 
to  the  zinc,  through  the  liquid,  copper  is  dissolved  and  zinc  pre- 
cipitated. If  a  solution  of  a  copper  salt  is  electrolyzed  with  a 
copper  anode,  the  value  of  P\s  increased  until  it  exceeds  the  value 
p ;  i,  e. ,  the  osmotic  counter  pressure  of  the  copper  ions.  At  the 
cathode  the  copper  ions  accumulate,  and  are  forced  out  of  a  solu- 
tion upon  the  plate.     With  copper  this  would  naturally  take 
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place  even  without  a  great  accumulation  of  ions,  but  with  a 
metal  of  high  electrolytic  solution  pressure  the  ions  would 
separate  only  when  the  term  p  is  made  greater  than  P,  The  . 
work  necessary  for  plating  with  a  metal  of  high  electrolytic  solu- 
tion pressure  is  thus  seen  to  be  done  at  the  cathode,  for  there  P 
must  be  exceeded  by  /,  while  for  one  with  a  low  electrolytic 
solution  pressure  it  is  done  at  the  anode  for  there  it  is  necessary 
for  P\.o  exceed/  in  value.  In  other  words  metals  like  zinc,  in 
simple  solutions,  need  the  current  to  separate  them  from  the 
solution,  while  those  like  copper  need  it  to  cause  the  anode  to 
dissolve.  If  the  decomposing  electromotive  force  is  great 
enough,  hydrogen  will  also  be  separated  at  the  cathode,  for  ions 
of  hydrogen  will  accumulate  then  and  be  evolved  as  gas  when 
the  electromotive  force  causes /^^  to  exceed  /\  in  value.  With  a* 
small  electromotive  force,  however,  this  will  not  take  place  so  that 
for  our  purposes  we  may  leave  it  out  of  consideration  entirely. 
If  an  alloy,  made  up  of  two  metals  one  of  which  has  a  very  high 
electrolytic  solution  pressure,  while  the  other  has  a  very  low  one, 
is  placed  in  acid  the  constituent  with  the  high  pressure  will  dis- 
solve, separating  hydrogen  gas  upon  a  platinum  plate,  while  the 
other  will  be  unaffected.  The  end  of  the  reaction  will  be 
reached  when  the  acid  is  saturated  with  the  ions  of  the  one  metal 
or  if  there  is  an  excess  of  acid,  when  the  one  metal  is  entirely 
dissolved.  Using  such  an  alloy  as  the  anode  of  a  decomposition 
cell,  both  constituents  will  go  into  solution.  The  amounts  dis- 
solved will  be  proportional  to  the  values  of  the  electrolytic  solu- 
tion pressure.  If  the  electrolyte  in  the  cell  contains  ions  of  each 
constituent,  then  at  any  one  decomposing  electromotive  force  the 
amounts  dissolved  will  be  proportional  to  the  electrolytic  solution 
pressures  divided  by  the  osmotic  counter  pressures  of  the  metallic 
ions.  If  the  alloy  contains  50  per  cent,  of-  each  constituent 
it  will  be  necessary  for  its  solution  in  unchanged  ratio,  that 

P      P 

-—=:—j,  where  P  and  P'  are  the  electrolytic  solution  pres- 
P        P  ^ 

sures  of  the  two  metals  and  p  and  p^  the  osmotic  pressures  of  their 
ions.  In  other  words  it  is  necessary  that  the  ionic  concentration 
of  the  metals  be  proportional  to  the  electrolytic  solution  pressures. 
This  relation  is  shown  most  plainly  by  the  following  diagram  : 
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Cu 
Zn 


1 50  per  cent. 


— />cu  =  4.8X  lo-^'At. 
— /cu  =4.8Xio-«>At. 
^/za  =9.9Xio+»«At. 
-Pzn  =  9.9  X  io+"At. 


The  two  opposing  pressures,  osmotic  and  electrolytic  solution, 
are  thus  equalized  for  each  of  the  two  metals ;  hence  an  electro- 
motive force  applied  to  the  alloy  as  anode  will  cause  equal 
amounts  of  copper  and  zinc  to  be  dissolved.  Such  a  mixture 
would  be  made  if  a  saturated  solution  of  a  zinc  salt  were  in  con- 
tact with  a  plate  of  the  50  per  cent,  alloy,  and  the  alloy,  when 
made  the  anode,  would  dissolve  evenly.  It  is  necessary  now, 
however,  tor  consider  the  cathode  upon  which  the  metal  will  be 
precipitated.  Here  we  will  not  get,  at  any  current  density,  the 
*  alloy  we  expect  so  that  the  relation  between  the  zinc  and  copper 
ions  in  the  solution  will  change,  and  consequently  the  two 
constituents  will  then  be  dissolved  from  the  anode  in  another 
ratio.  For  the  deposition  of  any  alloy ^  then^  we  see  that  it  is 
necessary  that  the  follotuing  conditions  be  fulfilled :  i.  That  the 
solution  have  such  an  ionic  concentration  of  the  two  metals  that 
the  correct  amount  of  each  constituent  dissolves  from  the  anode  ; 
/.  ^.,  that  the  alloy  dissolves  as  such.  2,  That  the  correct  alloy  sepa- 
rates at  the  cathode y  so  that  the  composition  of  the  liquid  is  not  altered 
in  such  a  way  that  the  first  condition  is  unfulfilled.  With  alloys  of 
copper  and  zinc  we  see  that,  for  simple  salt  solutions,  the  first 
condition  can  be  fulfilled,  but  the  second  can  not. 

A  solution  from  which  brass  may  be  deposited  and  which  will 

retain  this  power,  by  dissolving  the  correct  proportions  of  copper 

and  zinc  from  the  anode,  must  have  the  following  properties, 

which  are  self-evident  from  what  has  already  been  said :  /.  It 

must  contain  ions  of  zinc  and  copper  in  such  a  proportion  that  jo 

per  cent,  of  zinc  ^  and  yoper  cent,  of  copper  will  be  dissolved  from  the 

P    P 
anode  ;  '-^-i  -r-  •  -rr  •  '-  30  :  70.     2.  It  must  contain  complex  ions  of 

zinc  and  copper,  from  which  these  metals  may  be  separated.  These 
are  necessary,  for  we  have  seen  that  simple  metallic  ions  cause 
changes  in  the  composition  of  the  solution  and  thus  vary  the 
composition  of  the  alloy  dissolved.  There  is  also  less  work 
needed  to  separate  metals  from  complex  ions  than  from  simple 
ones.    s.  For   economy^   the  maximum    concentration  of  copper 
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ions  should  be  as  small  as  possible  in  order  Ihat  copper  may  be 
separated  easily  from  the  anode. 

All  these  conditions  are  fulfilled  by  a  solution  of  the  mixed 
salts  of  copper  and  zinc  in  potassium  cyanide  solution.  We  have 
first  an  extremely  small  concentration  of  zinc  and  copper  ions. 
The  absolute  value  of  the  concentration  of  copper  ions  can  be 
appreciated  from  the  consideration  of  the  following  experiment : 
When  a  solution  of  potassium  cyanide  is  poured  upon  the  copper 
side  of  a  Daniell  cell,  the  poles  are  reversed ;  i.  e,,  copper  becomes 
the  negative  pole.     In  order  to  do  this,   it  is  necessary  that 

-^  (ZnSO,)<-y  (CuSO,  in  KCN); 

i,  e.,  that  the  value  oip  becomes  so  small  that  P{=^  4.8  X  io~**) 
exceeds  it  and  copper  goes  into  solution.     We  have  the  complex 

ions  Zn(CN)^  and  Cu(CN)^,  from  which  zinc  and  copper  may  be 
deposited  in  varying  proportions  according  to  the  current 
density,  for  zinc  needs  a  greater  current  density  than  copper. 
In  other  words  from  our  theoretical  knowledge  we  can  predict 
that  such  a  solution  would  serve  our  purpose. 

It  would  seem  necessary,  next,  to  find  just  what  proportion  of 
zinc  and  copper  salt  should  be  present  in  the  cyanide  solution, 
to  give  the  correct  ratio  of  ions.  This,  however,  is  not  necessary, 
as  is  shown  by  the  following  consideration,  for  this  ratio  adjusts 
itself  automatically  during  the  reaction.  In  practice,  at  times, 
a  bath  is  made  up  as  follows :  A  solution  of  potassium  cyanide 
is  electrolyzed,  at  the  correct  density  to  deposit  brass,  for  several 
hours  with  brass  electrodes,  the  liquid  being  drawn  off  and  used 
as  the  bath.  From  the  brass  anode  ions  of  zinc  and  copper  ions 
are  given  off  into  the  solution  forming  the  salts  K,ZnCN^  and 
KjCuCN^.     These  salts  dissociate,  to  a  very  large  extent,  into 

2K  and  MCN^,  where  i^ represents  either  copper  or  zinc.    There 

+ 
is  also  a  further  dissociation,  to  a  very  slight  degree,  into  2K, 

++  - 

M  and  4CN.  The  zinc,  on  account  of  its  high  electrolytic  solu- 
tion pressure,  will  dissolve  to  a  greater  extent  than  the  copper, 

so  that  there  will  be  more  ions  of  ZnCN^  than  of  CuCN^.  Only 
30  parts  of  zinc,  however,  at  this  current  density  can  separate  to 
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every  70  parts  of  copper  so  that  there  is  also  a  concentration  of 

ZnCN^  ions  on  the  cathode  side ;  this  takes  place  after  hydrogen 
has  been  given  off  for  a  time.  The  equilibrium  in  the  solution 
is  fixed  by  certain  equations.  By  these  only  a  certain  amount 
of  free  zinc  ions  can  exist  in  the  solution,  all  over  this  amount 

being  transformed  into  ZnCN^,  and  of  this  latter  a  relativelj' 
small  portion  only  can  separate  at  the  cathode.     For  this  reason 

when  the  solution  becomes  saturated  with  ZnCN^  ions,  it  exerts 
the  same  counter  pressure  with  its  free  zinc  ions  as  it  would  if 
the  solution  were  saturated  with  zinc  ions,  since  any  more  zinc 
ions  would  supersaturate  the  solution.  For  this  reason  zinc  can 
only  dissolve  to  the  same  amount  in  which  it  separates. 

The  copper  ions  in  the  solution  are  so  few  that,  as  before  observed, 
the  metal  acts  as  though  it  possessed  a  high  electrolytic  solution 

pressure.  There  is  a  larger  number  of  CuCN^  ions  and  since 
these  break  up  and  separate  copper  to  a  greater  extent  than  those 

of  ZnCN^  separate  zinc,  and  since  the  solution  never  becomes 

P  P 

saturated  with  them,  the  terms -i-  and —r  become  of  the  same 

P  P 

order,  and  are  related  as  30  :  70.  It  is  thus  seen  that  the  regu- 
lation of  the  relative  concentration  of  zinc  and  copper  dissolved 
is  automatic  and  depends  upon  the  current  density  which  reg- 
ulates the  ratio  deposited.  In  few  words  we  may  sum  up  the 
behavior  as  follows :  The  solution  is  saturated  with  zinc,  since 

no  more  can  exist  either  as  Zn  or  as  ZnCN^,  except  as  Zn  from 

P 

ZnCN^  separates.     The  relation  — j  is  increased  by  the  exceed- 

P 
ingly  small  value  of/'  so  that  ions  of  copper  can  form,  but  as 

they  form  they  separate  on  the  other  side,  removing  the  saturated 

condition  with  respect  to  zinc,  so  that  the  correct  relative  amount 

of  this  also  can  separate  and  dissolve,  etc. 

Another  method  consists  in  dissolving  equal  weights  of  copper 

and  zinc  salts  in  a  solution  of  potassium  cyanide.     The  action, 

of  course,  is  exactly  similar  to  that  given  above  for  potassium 

cyanide  solution  alone,  so  that  it  will  not  be  necessary  for  us  to 

consider  it. 
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It  is  thus  possible  from  purely  theoretical  knowledge,  and  a 
few  appropriate  simple  experiments  to  find  just  what  solutions 
must  be  used  for  baths  for  the  deposition  of  any  alloy.  The 
contrast  between  this  method  and  the  old  empirical  one  of  trying 
all  combinations  until  a  lucky  hit  is  made,  the  true  reasons  for 
which  are  unknown,  is  striking,  but  it  is  just  what  is  being 
experienced  to-day  in  all  branches  of  chemistry  by  the  applica- 
tion of  theory  to  practice.  The  other  ingredients  which  are  used 
in  the  baths  are  to  produce  a  fine  smooth  coating  and  have  noth- 
ing to  do  with  the  theory  of  the  method.  Of  course  there  are 
other  solutions  which  behave  just  as  the  double  cyanides  do,  but 
as  the  theory  is  the  same,  the  only  idea  of  a  change  would  be 
for  economy  and  that  is  a  question  for  the  technical  side  of  the 
subject.  Such  another  solution  which  is  used  is  made  by  dis- 
solving zinc  and  copper  salts  in  an  excess  of  ammonia.  Here 
we  have  just  as  before  Zn  and  Cu  ions,  and  also  complex  ones 

which  behave  just  as  CuCN^  and  ZnCN^. 

Another  liquid  which  causes  copper  to  act  as  a  metal  of  high 
electrolytic  solution  pressure  is  a  solution  of  potassium  sulphide. 


THE  DETERMINATION  OF  SULPHUR  IN  BITUMENS. 

By  a.  C.  Laxomuir. 

Received  November  94,  1899.  ' 

IN  the  September  number  of  this  Journal,  S.  F.  and  H.  E. 
Peckham  criticize  a  paper  by  E.  H.  Hodgson  which  appeared 
in  November,  1898,  and  describe,  in  some  detail,  their  own 
method  slightly  modified. 

The  authors  claim  for  their  method  that  it  is  **  simple, 
reasonably  rapid  and  accurate**  and  state  that  it  is  ** susceptible 
of  great  accuracy,  if  conducted  with  care.  It  requires  great  care 
from  the  beginning  to  the  end.  Mr.  Hodgson's  results  do  not 
indicate  great  care, — they  are  not  sufficiently  concordant.'* 

It  is  but  fair  to  Mr.  Hodgson  to  call  attention  to  certain 
features  in  Messrs.  Peckham's  method  which  cannot  inspire 
chemists  with  confidence  and  which  may  possibly  indicate  that 
the  authors  themselves  have  not  bestowed  on  their  method  the 
great  care  which  they  miss  in  Mr.  Hodgson's  work. 

A  brief  review  of  the  method  is  necessary  :     Approximately 
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0.5  gram  of  the  bitumen  is  fused  with  30  grams  of  a  mixture  of 
equal  parts  of  sodium  carbonate  and  potassium  nitrate  in  a 
platinum  crucible.  The  crucible  contents  are  dissolved  in  water, 
hydrochloric  acid  is  added,  and  the  silica  is  separated  by 
evaporation  on  the  water-bath  and  dehydration.  After  taking 
up  with  hydrochloric  acid  apd  water  the  silica  is  filtered  and  the 
filtrate  is  rendered  alkaline  with  ammonia  to  precipitate  iron 
and  alumina.  The  excess  of  ammonia  is  removed  by  boiling, 
and  the  iron  and  aluminum  are  filtered  off.  The  lime  is  removed 
by  ammonium  oxalate  and  in  the  filtrate  from  the  latter,  now 
free  from  silica,  alumina,  iron  and  lime,  the  sulphuric  acid  is 
precipitated  by  the  usual  method.  The  convenience  of  esti- 
mating the  mineral  constituents  in  the  same  solution  with  the 
sulphuric  acid  is  noted.  In  our  opinion,  what  is  gained  in 
convenience,  if  any,  by  this  method,  is  lost  in  accuracy. 

In  some  bitumens  the  amount  of  sulphur  is  very  low.  In 
others  the  proportion  of  mineral  matter  is  sq  high  that  very  con- 
siderable amounts  of  iron,  alumina,  or  lime  may  be  met  in  the 
course  of  the  analysis. 

If  the  above  method  is  to  be  generally  applied  the  following 
objections  should  first  be  answered : 

In  the  course  of  the  fusion  with  alkaline  carbonate  and  nitrate 
there  is  danger  of  the  absorption  of  sulphuric  acid  produced  by 
the  burning  gas.  Any  error  from  this  cause  would  be  especially 
noticed  in  the  analysis  of  bitumens  low  in  sulphur.  An  alcohol 
lamp  should  be  used  or  the  crucible  should  rest  in  a  hole  cut  in 
asbestos  board  to  protect  the  fusion  from  the  access  of  the 
products  of  combustion. 

Messrs.  Peckham  have  not  given  us  details  sufficient  to  enable 
us  to  decide  whether  they  have  made  use  of  these  necessary  pre- 
cautions.    Several  chemists  have  called  attention  to  this  danger.  * 

In  the  slow  evaporation  of  the  fusion  on  the  water-bath  there 
is  again  a  possible  source  of  error  in  the  absorption  of  sulphur, 
if,  as  is  often  the  case,  the  bath  is  heated  by  gas. 

Hillebrand'  finds  that  the  sulphur  introduced  in  this  way  in 
the  analysis  of  silicate  rocks  is  frequently  as  much  as  the  entire 
sulphur  present.     The  writer*s  own  experience  has  confirmed 

1  Price  :/.  Chem.  Soc.,  London,  a,  51;  Presenius:  Ztschr.  anal.  Ch€m.„  x6,  339;    Lunge  : 
J.prakt.  Chem.,  40,  239 

9  BulL  U.  S.  Geol.  Survey,  148,  1897. 
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this  Statement  entirely  and  rather  than  dehydrate  for  silica  we 
have  precipitated  the  sulphuric  acid  directly  in  the  acidulated 
aqueous  solution  of  the  fusion.  We  have  never  found  any  silica 
in  the  barium  sulphate  so  obtained,  but  if  its  presence  is  feared 
it  may  be  readily  removed  with  a  little  hydrofluoric  and  sulphuric 
acids. 

How  considerable  the  contamination  of  the  evaporating 
Solution  may  be  is  plain  from  the  experiment  of  E.  von  Meyer' 
who  found,  after  evaporating  2  liters  of  distilled  water  down  to 
50  cc. '  during  six  hours  on  the  water-bath,  the  equivalent  of 
0.0426  gram  barium  sulphate  present. 

A  third  objection  and  the  most  serious  of  all  is  against  the 
separation  of  iron  and  alumina  by  boiling  out  the  excess  of 
ammonia.  It  is  well  known  that  iron  can  only  be  precipitated 
free  from  sulphur  in  a  solution  containing  the  latter  by  adding  a 
distinct  excess  of  ammonia  to  the  moderately  warm  solution, 
heating  a  few  minutes  on  the  water-bath  and  filtering  immediately. 
Only  in  this  way  can  the  formation  of  insoluble  basic  sulphates 
be  prevented.  Boiling  the  solution  is,  of  all  things,  to  be  avoided. 
Lunge*  states  that  correct  results  can  only  be  obtained  by 
adhering  strictly  to  this  procedure  and  that  deviations  lead  to 
serious  errors. 

The  ch€?ck  analyses  made  by  the  authors  do  not  controvert  the 
criticisms  just  made  as  the  asphalt  analyzed  was  said  to  be  very 
pure  and  was  presumably  free  from  mineral  matter. 

Finally,  in  view  of  the  recognized  tendency  of  barium  sulphate 
to  drag  down  with  it  other  mineral  constituents  of  the  solution 
and  barium  salts  of  other  acids  present,  what  must  be  said  of 
precipitating  sulphuric  acid  in  the  presence  of  ammonium 
oxalate  and  the  alkaline  chlorides  from  30  grams  of  mixed 
carbcmate  and  nitrate? 

Our  preference  is  given  to  Eschka*s  method  following  the 
details  as  described  by  Heath.'  The  Eschka  method  is 
admittedly  the  best  for  the  determination  of  sulphur  in  bituminous 
coals.  The  problem  here  is  a  very  similar  one.  In  addition  to 
its  convenience   and    rapidity   the    Eschka    method    has    the 

^  J.prakt.  Chem.,  4a,  267  ;  see  also  Gunning  :  Zischr.  anal.  Chem.,  7,  480  ;  Alex :  /^Vf., 
xo,   246;  Wagner:  /bid.,  30,323;  Lieben  :  /did.,  3a,   214;    Privozink  :  Ber.  d.  chem.  Ges., 

-90,  2200. 

2  Chem,  NewSy  7X.  132  ;  J.prakt.  Chem.^  40,  239. 
•  This  Journal,  ao,  630. 
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advantage  of  leaving  the  iron,  lime,  and  alumina  insoluble  at  the 
start  and  only  a  small  quantity  of  alkali  is  introduced  into  the 
analysis. 

As  for  the  mineral  constituents  they  are  better  determined  on 
a  separate  portion.  Their  accurate  determination  is  made  all 
the  more  diflBcult  by  the  presence  of  an  excessive  amount  of 
alkali  m^als  as  in  Peckham's  method. 

Our  practice  has  been  to  heat  the  asphalt  at  a  low  temperature 
in  a  platinum  dish,  slowly  driving  off  the  volatile  constituents  in 
such  a  way  that  the  asphalt  does  not  burn.  At  the  end  the 
temperature  may  be  raised  and  the  remaining  organic  matter 
burned  without  danger  of  loss. 

The  ash  is  extracted  with  hydrochloric  acid  and  any  insoluble 
residue  fused  with  a  small  amount  of  the  mixed  carbonates. 
The  solution  of  the  fusion  in  hydrochloric  acid  is  added  to  the 
other  and  the  analysis  proceeded  with  as  usual.  In  this  way 
the  quantity  of  alkaline  salts  is  reduced  to  a  minimum. 

Time  is  actually  lost  by  determining  the  metals  and 
sulphur  in  one  portion  as  the  determination  of  the  latter  must 
wait  until  the  metals  have  been  separated. 

In  all  but  two  of  the  asphalt  analyses  of  Dr.  Day,  as  quoted 
by  Messrs.  Peckham,  the  decimal  point  is  misplaced,  making  the 
per  cent,  sulphur  far  less  than  it  should  be. 

Laboratory  of  Rickbtts  and  Banks,  New  York. 
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GEORGE  WILLIAM  SARGENT'S  paper  on  the  **  Determi- 
nation of  Nickel  in  Nickel-Steel  *'  in  the  October  number 
of  this  Journal,  prompts  me  to  publish  a  somewhat  similar 
method  for  the  determination  of  nickel  in  its  ores,  which  has 
been  in  use  in  this  laboratory  for  several  months  with  excellent 
results.  It  is  particularly  advantageous  in  all  cases  in  which 
a  relatively  small  quantity  of  nickel  is  to  be  separated  from  a 
large  amount  of  iron  and  surpasses  all  other  methods,  such  as 
the  basic  acetate,  basic  carbonate,  or  ammonia  separations. 
One  gram  of  the  ore  is  covered  in  a  No.  2  Griffin's  beaker 


-      NICKEL  IN   NICKEtr  ORES.  I03 

with  15  cc.  concentrated  nitric  acid.  One  or  two  cc.  of  liquid 
bromine  is  added  and  the  contents  are  gently  heated  until  the 
bromine  is  expelled.  The  solution  is  then  boiled  down  almost 
to  dryness.  Bromine  in  combination  with  nitric  acid  effects  so 
thorough  an  oxidation  that  no  sulphur  bead  can  foim.  This 
reaction  may  also  be  applied  in  the  analysis  of  copper  mattes, 
where  it  is  often  necessary  to  filter  off  the  sulphur  bead  which 
usually  forms  after  the  treatment  with  nitric  acid  and  to  roast  it 
to  recover  the  small  amount  of  undecomposed  sulphide  which  it 
invariably  contains.  The  addition  of  bromine  renders  this  extra 
operation  entirely  unnecessary. 

After  expelling  the  excess  of  nitric  acid,  about  50  cc.  of  con- 
centrated hydrochloric  acid  are  to  be  added  and  the  solution 
slowly  boiled  down  to  5  cc.  The  nitric  acid  is  expelled  and  any 
residue  carrying  nickel  and  insoluble  in  nitric  acid  is  brought 
into  solution — at  least  in  the  ores  handled  by  us. 

Dilute  to  250  cc.  with  hot  water  and  pass  hydrogen  sulphide 
to  remove  copper,  etc.  Filter  and  boil  the  filtrate  to  expel 
hydrogen  sulphide.  Oxidize  the  ferrous  iron  by  adding  nitric 
acid  to  the  boiling  solution,  drop  by  drop,  carefullj'  avoiding  any 
excess.  Cool  slightly  and  add  ammonia  until  distinctly  alkaline. 
Filter  and  wash  twice  with  hot  water,  catching  the  filtrate  which 
will  contain  the  bulk  of  the  nickel  in  a  large  casserole  and  boil 
it  down  while  the  remaining  operations  are  being  performed. 

Dissolve  the  ferric  hydrate  which  carries  a  considerable 
amount  of  nickel  in  warm  dilute  hydrochloric  acid.  Wash  into 
a  casserole  and  boil  down  rapidly  until  pasty.  Add  about  10 
cc.  of  hydrochloric  acid  (i.io  sp.  gr,),  warm  slightly,  rinse  into 
a  250  cc.  separating  funnel  with  acid  of  the  same  strength, 
keeping  the  volume  down  to  50  cc,  if  possible,  and  cool 
thoroughly.  Add  now  40  cc.  of  C.  P.  ether  and  agitate 
vigorously  at  least  five  minutes.  Invert  the  funnel  occasionally 
and  open  the  stop-cock  cautiously  to  lower  the  pressure.  The 
ferric  chloride  gradually  dissolves  in  the  ether  leaving  the 
nickel,  aluminum,  and  any  cobalt  or  manganese  in  the  aqueous 
solution  as  chlorides. 

The  first  solution  obtained  by  boiling  down  the  nitric  acid 
residue  with  50  cc.  of  hydrochloric  acid  cannot  be  profitably 
treated  by  the  ether  separation.     On  account  of  the  sulphuric 
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acid  formed  by  the  oxidation  of  the  sulphur,  the  removal  of  the 
iron  by  ether  is  far  from  complete.  The  sulphuric  acid  must  be 
separated  from  the  iron  by  an  ammonia  separation  so  that  a 
solution  containing  only  chlorides  may  be  obtained.  There  is 
almost  always  some  slight  loss  of  solution  in  the  treatment  with 
ether  in  the  separatory  funnel,  but  any  error  from  this  source 
becomes  negligible  if  the  bulk  of  the  nickel  is  first  separated  by 
ammonia. 

After  agitating,  the  funnel  is  allowed  to  stand  a  few  minutes 
and  the  water  solution  is  drawn  off  into  a  second  funnel.  The 
ether  solution  is  washed  twice  with  a  few  cc.  of  hydrochloric 
acid  (sp.  gr.  i.io),  the  washings  being  caught  in  the  second 
funnel.  Mr.  Sargent  contents  himself  with  one  ether  treatment 
but  we  havie  always  found  it  advisable  to  remove  the  iron  still 
remaining  with  the  nickel  by  a  second  agitation  with  40  cc.  of 
ether.  The  second  operation  is  carried  out  in  the  same  way  as 
the  first. 

The  aqueous  solution  and  washings  are  run  into  a  beaker,  the 
dissolved  ether  is  expelled  by  boiling,  bromine  water  is  added 
until  the  solution  is  strongly  colored,  and  the  iron,  aluminum 
and  any  manganese  present  are  separated  by  adding  ammonia  to 
alkalinity  and  boiling.  If  the  ether  treatment  has  been  properly 
carried  out,  a  mere  trace  of  iron  remains  with  the  nickel  and  the 
precipitate  may  be  caught  on  a  9  cm.  paper.  The  precipitate 
obtained  as  above  is  dissolved  in  a  little  hydrochloric  acid,  bro- 
mine is  added,  and  the  precipitation  with  ammonia  is  repeated. 
The  combined  filtrates  and  washings  are  added  to  the  casserole 
containing  the  now  conceiltrated  filtrate  from  the  first  ferric 
hydrate  precipitate.  The  contents  of  the  casserole  which  now 
contain  all  of  the  nickel  in  the  ore  are  concentrated  to  100 
cc.  or  until  ammonium  chloride  begins  to  separate.  Fifty  cc.  of 
concentrated  nitric  acid  are  added  and  the  solution  is  slowly 
boiled  down  almost  to  dryness.  In  this  way  the  ammonium 
chloride  is  entirely  destroyed.  Ammonium  nitrate  is  unchanged; 
hence  the  necessity  for  avoiding  an  excess  in  the  oxidation  of 
the  ferrous  iron.  We  are  now  able  to  concentrate  the  solution 
to  a  volume  of  a  few  cc.  without  the  separation  of  any  salts.  Ten 
cc.  of  concentrated  sulphuric  acid  are  added  and  the  casserole 
heated  until  dense  fumes  appear  and  the  nitric  acid  is  entirely 


NICKKI*  IN   NICKSI,  ORES.  105 

expelled.  After  cooling,  dilute  with  100  cc.  cold  water,  boil, 
rinse  into  the  high  beaker  used  for  electrolytic  determinations, 
neutralize  with  ammoni^,  and  add  25  cc.  in  excess.  Dilute  to 
200  to  250  cc,  insert  the  spiral  and  the  weighed  platinum  cylin- 
der, and  electrolyze  with  a  strong  current,— we  have  used  1.2 
amperes.  The  precipitation  of  the  nickel  is  generally  complete 
within  three  hours. 

The  separation  of  iron  and  nickel  by  ether  has  not  as  yet  been 
used  in  the  analysis  of  nickel  ores,  or  mattes.  It  is  unequaled 
for  cleanliness,  rapidity,  and  accuracy,  and  deserves  the  first 
place  among  the  many  methods  proposed  for  the  separation  of 
iron  and  nickel. 

The  ammonia  separation  has  proved  particularly  untrustworthy 
in  our  hands.  Three  and  even  four  separations  fail  to  remove 
the  nickel,  even  if  the  acid  solution  containing  the  iron  be  poured 
into  water  containing  an  excess  of  ammonia. 

The  ready  means  afforded  for  destroying  almost  unlimited 
quantities  of  ammonium  chloride  by  boiling  down  with  an  excess 
of  nitric  acid  is  not  new,  having  been  suggested  long  ago  by 
Lawrence  Smith  in  connection  with  his  well-known  method  for 
alkali  determinations.  Yet  it  has  been  strangely  neglected  and 
we  believe  has  never  been  used  in  the  analysis  of  nickel  ores, 
where  it  is  particularly  useful  as  it  enables  us  to  avoid  the 
troublesome  and  inaccurate  separation  of  the  nickel  as  sulphide. 

The  solutions  to  be  tested  for  nickel,  ordinarily  obtained  in 
analysis,  are  choked  with  ammonium  chloride,  which  prevents 
the  concentration  of  the  solution  and  necessitates  the  preliminary 
separation  of  the  nickel  from  a  dilute  solution  of  sulphide.  The 
difficulties  in  the  way  of  precipitating  and  washing  nickel  sul- 
phide without  loss  in  the  filtrate  or  washings  are  too  well-known 
to  need  repetition. 

In  some  analyses  made  by  the  author  before  his  adoption  of 
the  ether  method  it  was  necessary  to  test  for  traces  of  nickel  in 
several  samples  of  steel.  At  least  5  grams  had  to  be  taken  and 
the  ammonium  chloride  accumulating  in  the  filtrates  from  the 
ammonia  separations  of  the  iron  was  so  large  in  amount  that 
concentration  to  a  bulk  in  which  ammonium  sulphide  would 
reveal  nickel  was  out  of  the  question.  But  by  boiling  down 
slowly,  with  copious  additions  of  nitric  acid,  it  was  possible  to 
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destroy  all  the  ammonium  chloride  and  to  finally  test  for   nickel 
in  a  volume  of  some  15  cc.  under  ideal  conditions. 

The  ether  separation,  as  based  on  the  solubility  of  ferric  chlo- 
ride in  ether  under  the  above  conditions  is,  in  all  probability,  not 
restricted  to  the  determination  of  nickel  or  aluminum,  but  may 
possibly  be  applied  in  the  separation  of  small  amounts  of  zinc 
from  iron.  The  separation  of  uranium  and  iron  by  ammonium 
carbonate  and  sulphide  is  far  from  satisfactory  if  the  uranium  be 
small  in  amount.  Possibly  in  this  case  as  well,  the  ether  treat- 
ment may  result  in  a  decided  improvement. 

Laboratory  of  Rickbtts  and  Banks, 
New  York. 
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LABORATORY  HETHOD  FOR  THE   CONTINUOUS  AND 
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FOR  ITS  PURIFICATION. 

By  J.  A.  Matrbws. 

Received  Januarj'  a,  1900. 

FOR  most  purposes  in  which  it  is  desired  to  employ  a  stream 
of  acetylene,  no  purification  is  necessary,  provided  the  gas 
has  been  properly  generated  from  the  usual  quality  of  commercial 
carbide  now  being  produced.  Analyses  from  various  sources 
show  that  the  impurities  in  acetylene  from  this  source  rarely 
amount  to  i  per  cent,  and  a  good  part  of  this  is  likely  to  be 
nitrogen.  The  combined  amounts  of  hydrogen  sulphide, 
hydrogen  phosphide,  and  ammonia  seldom  exceed  0.2  per  cent. 
In  order  that  the  amount  of  impurities  may  be  as  small  as 
possible  it  is  necessary  that  the  gas  be  produced  in  the  cold. 
This  cannot  be  done  when  water  is  allowed  to  drip  slowly  upon 
the  carbide,  and  furthermore  this  method  causes  the  gas  to  be 
given  off  spasmodically  and  the  lime  residue  often  bubbles  or 
froths  to  such  an  extent  that  sohd  matter  in  considerable  amounts 
may  be  carried  over  with  the  gas.  In  obviating  all  these 
diflSiculties  the  following  method  has  proved  successful. 

The  fragments  of  calcium  carbide  are  placed  in  a  wide-mouthed 
bottle.  They  may,  with  advantage,  be  suspended  in  a  basket 
of  coarse  wire  netting,  which  will  keep  the  carbide  away  from  the 
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lime  residue,  and  also  allow  it  to  be  withdrawn  at  any  time. 
The  carbide  is  covered  with  an  abundance  of  absolute  or  95 
per  cent,  alcohol,  and  the  bottle  closed  with  a  two-hole  stopper. 
Through  one  hole  water  can  be  led  from  a  reservoir  bottle,  and 
in  the  other  an  outflow  tube  is  fitted.  If  95  per  cent,  alcohol  is 
used,  the  water  therein  serves  to  start  the  generation  of  acetylene 
and  to  expel  the  air  from  the  apparatus.  If,  now,  water  be 
added  drop  by  drop  it  comes  slowly  into  contact  with  the  carbide 
and  a  steady  production  of  acetylene  results.  Unless  the 
amount  of  alcohol  present  is  very  small  and  the  rate  of  generation 
very  rapid,  no  material  rise  in  temperature  ensues.  After  the 
addition  of  water  has  been  stopped,  the  evolution  of  gas  may  be 
allowed  to  proceed  until  the  bubbling  ceases ;  the  alcohol  may 
then  be  decanted  from  the  residue  and  distilled,  and,  rejecting 
the  first  few  cubic  centimeters,  the  rest  of  the  distillate  will  be 
nearly  absolute  alcohol. 

If  it  is  desired  to  purify  the  acetylene,  any  one  or  more  of 
several  methods  may  be  employed.  No  single  purifying  agent 
which  has  as  yet  been  advocated,  meets  all  the  requirements. 
For  general  convenience  and  thoroughness  the  following  com- 
bination of  methods  is  suggested : 

The  acetylene  generated  as  described  above  is  passed  into  a 
solution  of  15.6  parts  of  crystallized  copper  sulphate  in  100  parts 
of  water,  to  which  is  added  5  parts  of  dilute  sulphuric  acid,* 
I  volume  of  sulphuf  ic  acid  to  4  volumes  of  water.  This  solution, 
besides  retaining  any  vapor  of  alcohol  and  also  the  ammonia  and 
hydrogen  sulphide,  is  especially  useful  for  absorbing  hydrogen 
phosphide.  As  an  additional  safeguard  the  acetylene  is  next 
passed  through  one  or  two  towers  filled  with  coarse  bits  of  pumice 
stone  which  have  been  saturated  wrth  an  acetic  or  sulphuric  acid 
solution  of  chromic  acid ;  *  or,  in  place  of  a  second  tower,  a 
strong  sulphuric  acid  solution  of  chromic  acid  may  be  used.  By 
this  means  any  of  the  three  chief  impurities,  which  might  escape 
absorption  in  the  copper  sulphate  solution,  will  be  completely 
oxidized.  A  small  amount  of  these  purifying  materials  will 
serve  for  a  large  volume  of  gas,  and  the  acetylene  should  issue 
both  dry  and  pure  and  possessing  a  faint  and  agreeable  odor. 
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1  Hempel  and  Kahl :  Ztschr.  angew.  Chem.^  53,  1898. 

2  Ullmaon  :    /.  /flr.  Gasbeleuckt,  49,  198,  374  (1899^. 
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A  return  of  the  strong,  irritating  odor  indicates  that  the  purifiers 
have  become  exhausted. 

The  purification  of  acetylene  by  means  of  moist  chloride  of 
lime  or  sodium  hypochlorite,  as  suggested  by  Odernheimer'  and 
Lunge*  or  as  modified  by  Wolff',  is  impracticable  because  of  the 
instability  of  the  solutions  and  because  chlorine  and  chlorination 
products  of  acetylene  are  produced,  which  must  then  be  removed 
by  lime.  Frank's  method,^  using  strongly  acid  solutions  of 
copper  or  iron  chloride,  does  not  seem  very  efficient,  nor  is  the 
employment  of  bromine  as  a  purifier  convenient  for  laboratory 
use.  The  combination  of  HempePs  and  Ullmann's  methods 
seems  to  meet  all  the  requirements  and  is  easily  and  conveniently 
arranged. 

[Contributions  prom  ths  Havemever  Laboratories,  Columbia  Uni- 
versity, No.  17.] 
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By  J.  A.  Mathews  and  L.  I*.  Watters. 
Received  January  a,  1900. 

EXPIyOSI VE  compounds  resulting  from  the  action  of  acetylene 
or  coal-gas  upon  alkaline  solutions  of  cuprous,  argentous 
and  mercuric  salts  have  been  known  for  many  years.  These 
compounds  are  for  the  most  part  flocculent  precipitates  which 
retain  water  with  more  or  less  tenacity,  and  at  temperatures  which 
will  render  them  anhydrous  they  are  apt  to,  explode  violently. 
The  earlier  investigators  of  these  acetylides  did  not  recognize 
them  as  true  carbides  and  their  analyses  show  the  presence  of 
hydrogen  and  oxygen,  which  are  reported  as  constituent  atoms 
of  the  molecule.  Berthelot,*  who  did  a  great  deal  of  work  upon 
acetylene  derivatives,  speaks  of  copper  acetylide  as  **cupro- 
acetyloxide,'*  and  gives  it  the  formula  (CgCu,H),0.  Reboul* 
gives  silver  acetylide  as  (C,HAg),+Ag,0  and  Blochmann'  gives 
respectively,  C,H,Cu,0  and  C,H,Ag,0.     All  of  these  might  better 

1  Chem.  Ztg.,  aa,  21. 

2  Ztschr.  angew.  Chem.,  651  (1897). 

s  Chem.  Ztg.,  aa,  aSx ;  Wolff  treats  the  Ras  first  to  remove  ammonia  and  then  with 
hypochlorite,  thus  eliminating:  the  danger  of  forming  nitrogen  chloride,  which  he  says 
is  possible. 

*  Ztschr  atigtiv.  Chem.^  1050  (1898). 

6  Ann.  chim. phys.  [4I,  9f  425. 

0  Compt.  rend.y  54,  1229. 

T  Ann.  Chem.  (Uebig),  173,  176,  177. 
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be  written  C,Cu,  or  C,Ag,  plus  more  or  less  water.  MiasnikofE* 
gives  silver  acetylide  as  C,H,Ag,.  Keiser*  showed,  however, 
that  when  properly  dried  these  two  acetylides  are  simply  C,Ag, 
and  C,Cu,,  and  later^  produced  mercuric  acetylide,  HgC,,  which 
is  also  hydrated  at  the  time  of  its  formation. 

Berthelot*  seems  to  be  authority  for  the  statement  which 
appears  in  a  number  of  old  chemical  works,  but  for  which  these 
do  not  give  him  credit,  that  by  passing  acetylene  through  aureus 
thiosulphate,  a  yellow  explosive  precipitate  is  formed.  He  gives 
no  analyses  of  the  product  and  does  not  give  any  suggestions  as 
to  its  probable  constitution. 

We  have  recently  investigated  this  interesting  compound, 
which  proves  to  be  analogous  to  the  copper  and  silver  compounds, 
its  formula  being  aurous  carbide,  Au^C,. 

In  the  preparation  of  aurous  sodium  thiosulphate  we  followed 
the  method  of  Fordos  and  Gfelis.*  Pure  auric  chloride  was 
dissolved  in  50  parts  of  water;  3.2  parts  of  sodium  thiosulphate 
were  dissolved  in  the  sam^  amount  of  water.  The  solution  of 
gold  was  added  to  the  thiosulphate  very  slowly  and  with  constant 
stirring.  A  slight  odor  of  sulphur  dioxide  was  noticed  and  a 
little  sulphur  separated. 

The  solution  was  filtered  and  the  sodium  aurous  thiosulph?ite 
was  precipitated  with  absolute  alcohol.  It  was  not  recrystallized. 
The  principal  reaction  is  said  to  be 

8Na,S,0,4-  2  AuCl,  =  2Na,Au  (3.0,).  +  2Na,S,0.  +  6NaCl. 

This  compound  forms  a  colorless  precipitate,  very  soluble  in 
water  but  insoluble  in  alcohol.  To  form  aurous  carbide  an 
aqueous  solution  of  the  sodium  aurous  thiosulphate  is  made 
strongly  alkaline  with  ammonia  and  a  slow  stream  of  acetylene 
passed  through.  The  solution  remains  colorless  for  a  short  time 
and  then  becomes  yellow  and  finally  a  yellow  flocculent  precipi- 
tate appears.  In  this  respect  it  differs  from  silver  and  copper 
carbides,  which  form  almost  instantly  and  hence  are  used  to  test 
for  the  presence  of  minute  quantities  of  acetylene.  The  precipi- 
tate is  filtered'  off,  washed  with  water  and  alcohol  and  dried  in  a 
desiccator  over  sulphuric  acid. 

1  Ann.  Ckem.  (I«iebig),  118,330. 
i  Am.  Chem.J.,  14,  285. 
»  /did.,  15.  535. 

*  Ann.  chim.phys.  [4],  9,  4*5. 

*  /**rf.,  [3],  13,  394, 1845. 


no  CARBIDE   OF  GOLD. 

Properties, — When  thoroughly  dried,  the  carbide  of  gold  is 
highly  explosive  either  upon  rapid  heating,  by  a  blow  or  even 
by  brushing  with  a  camel* s  hair  brush.  The  explosion  generates 
sufficient  heat  to  produce  flame  and  the  gold  is  left  in  an 
extremely  finely  divided  condition  and  black.  Carbide  of  gold 
is  easily  decomposed  by  hydrochloric  acid  giving  acetylene  and 
leaving  a  black  residue  of  aurous  chloride.  The  presence  of 
acetylene  was  shown  by  passing  it  into  ammoniacal  silver  nitrate^ 
in  which  it  produced  silver  acetylide.  The  aurous  chloride  was 
tested  by  boiling,  which  gave  auric  chloride  and  metallic  gold. 
By  boiling  gold  carbide  with  water  it  is  decomposed  into  its 
constituents,  no  acetylene  being  produced.  Cupric  sulphate 
and  neutral  ferric  chloride  do  not  decompose  it  in  the  cold ;  when 
anhydrous  it  becomes  darker  in  color  and  of  a  brown  tint  and  if 
heated  very  gradually  decomposes  without  explosion.  This  fact 
was  made  use  of  in  the  determination  of  gold.  The  sample  to 
be  analyzed  was  heated  in  the  air-bath  very  slowly  until  a 
temperature  of  i8o°  to  200°  was  indicated,  and  then  ignited  in 
the  flame  of  a  Bunsen  burner.  The  black  mass  becomes  yellow 
by  the  burning  off  of  the  carbon  and  annealing  of  the  gold.  The 
analyses  resulted  as  follows : 


« 

Weight  of  sample. 

Gold 
found. 

Gold. 
Per  cent. 

Theory 
for  AU9C9. 

I 

Q.029 

0.0273 

94.14 

94.25 

II 

0.0174 

0.0164 

94.25 

94.25 

One  sample  of  aurous  carbide  after  two  days  in  the  desiccator 
lost  no  weight  at  100°  C.  nor  was  loss  experienced  on  renewed 
heating  up  to  120°  C.  Another  sample  that  had  not  stood  so 
long  over  sulphuric  acid  lost  0.0004  gram  at  lOo**.  By  rapid 
heating  in  the  air-bath  explosions  were  obtained  at  various 
temperatures  from  83°  to  157°  C.  No  attempt  was  made  to 
secure  especially  uniform  heat  at  all  parts  of  the  air-bath,  bat 
the  thermometer  bulb  was  in  all  cases  very  close  to  the  dish 
containing  the  explosive  compound.  It  seems  then  that  the  rate 
of  heating  has  most  to  do  with  effecting  the  decomposition  of 
gold  acetylide.  The  violence  of  the  explosion  was  shown  by 
several  unexpected  explosions.  In  one  case  about  15  or  20 
milligrams  of  the  substance  were  on  a  watch-glass.  In  trying  to 
remove  a  small  fragment  with  the  point  of  a  knife,  the  whole 
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mass  exploded  with  a  sharp  report  and  the  watch-glass  was 
broken  into  a  score  of  pieces.  In  another  instance  while  brush- 
ing some  of  the  carbide  from  a  filter-paper  with  a  camel's  hair 
brush  into  a  dish,  the  particles  adhering  to  the  paper  exploded 
^rith  a  loud  report  and  flame  and  the  filter-paper  was  badly  torn 
but  the  bulk  of  the  material,  which  was  not  over  an  inch  or  two 
away,  was  not  exploded  by  the  concussion.  The  same  fact  was 
noted  in  the  first  explosion  above  in  which  case  the  watch-glass  was 
standing  beside  a  crucible  containing  quite  a  large  amount  of 
dry  gold  carbide. 

No  other  aurous  solutions  were  tested  with  a  view  to  obtaining 
gold  carbide.  From  auric  chloride  in  aqueous  solution  metallic 
gold  is  precipitated  by  acetylene. 

A  solution  of  auric  chloride  made  alkaline  with  potassium 
hydroxide  does  not  give  a  precipitate  under  similar  conditions, 
nor  does  an  aqueous  or  ammoniacal  solution  of  potassium  auric 
cyanide  give  a  precipitate  when  acetylene  is  passed  into  it. 


THE  NATURE  OF  THE  CHANGE  FROM  VIOLET  TO 
QREEN  IN  SOLUTIONS  OF  CHROMIUM  SALTS. 

By  F.P.  Vbnable. 

Received  January  at,  1900. 

IN  a  recent  number  of  this  Journal*  Whitney  has  reported 
further  work  upon  this  problem  and  at  the  same  time  criti- 
cized an  article  by  Venable  and  Miller  which  had  previously 
appeared  upon  the  same  subject.*  As  Mr  Miller  is  no  longer  at 
work  with  me  and  I  was,  in  the  main,  responsible,  for  the  presen- 
tation and  discussion  with  which  Dr.  Whitney  finds  fault,  my 
name  appears  alone  in  this  reply. 

Whatever  disinclination  I  may  have  felt  to  accept  as  final  the 
previous  efforts  at  determining  the  presence  of  free  sulphuric 
acid  in  the  gr^en  solutions,  I  can  have  none  as  to  this  recent 
admirable  and  conclusive  direct  determination  of  the  acid  by 
Whitney.  It  is,  of  course,  of  little  importance  to  explain  why  an 
opinion  was  formed,  unless  truth  is  advanced  by  such  explana- 
tion. I  shall  therefore  onlv  refer  to  two  or  three  of  the  facts 
stated  by  Whitney  as  sufficient  to  convince  one  that  free  sul- 

1  This  Journal,  ai,  1075-1084. 
s  /bid.,  30,  484-496. 
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phuric  acid  is  present.     I  do  this  because  I  cannot  verify  them 
as  facts. 

1.  Dr.  Whitney  states  that  the  green  solutions  are  acid  to  the 
usual  indicators.  We  could  draw  no  conclusions  as  to  the 
difference  between  the  solutions  from  this  because  both  violet 
and  green  solutions  are  thus  acid.  This  statement  was  made  by 
us  in  the  original  article  and  has  been  carefully  verified  by  me 
since  reading  Whitney's  article.  It  is  also  supported  by  the 
experiments  of  Baubigny  and  Pechard.  Furthermore,  the  mere 
fact  that  barium  chloride  is  prevented  from  precipitating  all  of 
the  sulphuric  acid  in  the  green  solution  cannot  be  taken  as  prov- 
ing the  presence  of  free  sulphuric  acid. 

2.  Whitney  cites  Recoura  as  stating  that  the  **  distillation  of 
the  green  solution  results  in  an  acid  distillate,  while  the  violet 
salt  may  be  heated  above  ioo®C.  without  loss  of  acid.*'  My 
experiments  failed  to  verify  this.  I  took  15  grams  of  the  alum  and 
dissolved  it  in  200  cc.  of  distilled  water.  This  was  then  carefully 
distilled  from  an  ordinary  distilling  flask  connected  with  a  con- 
denser and  the  distillate  treated  in  successive  portions  of  50  and 
25  cc.  until  only  about  25  cc.  were  left,  without  finding  any  acid. 
Beyond  this  point  the  temperature  began  to  rise,  portions 
splashed  upon  the  sides  became  overheated,  and  acid  distilled 
over.  This  was  repeated  with  chromium  sulphate  with  the  same 
result.  It  was  also  repeated  with  ordinary  potash  alum  with  the 
same  result.  As  the  solution  became  very  concentrated  the 
temperature  rose,  p6rtions  were  splashed  upon  the  hot  sides 
and  acid  distilled  over.  Lastly,  it  was  repeated  with  5  cc.  of 
sulphuric  acid  in  200  cc.  of  water  and  no  acid  distilled  over  until 
most  of  the  water  had  been  driven  off  and  the  temperature  had 
risen  above  ioo**C.  Manifestly  this  experiment  of  Recoura'scan 
throw  no  light  upon  the  presence  or  absence  of  free  acid. 

3.  Kriiger's  statement  that  alcohol  poured  in  a  layer  over  the 
green  solution  takes  up  acid  (something  that  gives  an  acid  reac- 
tion) from  the  solution  is  only  part  of  the  truth  for  alcohol  will 
do  precisely  the  same  thing  when  poured  over  the  violet  solution. 
In  the  course  of  a  few  hours  the  reaction  is  quite  perceptible 
from  both  solutions.  There  is  no  change  apparent  in  the  color 
of  the  violet  solution  after  four  or  five  days'  standing  under  the 
layer  of  alcohol. 
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.After  weighing  the  evidence  then  at  hand  I  reached  the  con- 
clusion that  a  satisfactory  explanation  of  the  change  could 
scarcely  be  deduced  from  these  and  the  other  experiments. 

And  they  did  not  seem  to  me  to  justify  the  construction  of  an 
equation  and  an  elaborate  formula  for  a  hypothetical  substance 
which  was  assumed  to  cause  the  green  coloration,  even  if  the 
presence  of  the  free  acid  should  be  granted. 

The  exception  is  well  taken  by  Whitney  to  our  experiment 
with  the  de^inormal  solution  of  ammonia  and  explains  a  result 
which  greatly  puzzled  us  in  the  interpretation  of  our  later  work. 
We  scarcely  knew  what  value  to  attach  to  the  experiment  and 
so  merely  stated  that  **  these  experiments  therefore  agree  with 
those  of  Baubigny  and  Pechard,  but  are  at  variance  with  the 
conclusions  of  the  other  authors  mentioned."  The  agreement 
was,  ot  course,  only  to  the  extent  that  * 'both  solutions  are  acid" 
and  tliat  was  all  that  was  claimed  for  the  experiment. 

It  seemed  to  us  necessary  to  get  under  hand  for  analysis  the 
body  which  gave  the  green  coloration  before  any  formula  could 
be  established  for  it.  We  therefore  abandoned  what  we  styled 
**  indirect  methods  giving  results  capable  of  other  explanations." 
We  thought  it  more  material  to  secure  this  body  than  to  settle 
the  question  as  to  whether  free  acid  or  an  acid  sulphate  was 
formed.  Certainly  any  other  line  of  research  would  always 
leave  the  body  in  question  hypothetical.  Hence  in  the  latter 
part  of  the  paper*  the  sentence  occurs,  **as  the  alcohol  left  is 
decidedly  acid  it  must  contain  either  free  acid  or  an  acid  sulphate'  * 
and  there  was  no  further  effort  at  settling  this  point. 

The  method  which  most  commended  itself  to  us  for  securing 
this  compound  was  precipitation  by  means  of  alcohol.  In  this 
precipitate,  in  the  case  of  the  alum,  we  obtained  the  potassium 
sulphate  along  with  the  chromium  compound  and  this  blinded  us 
to  the  true  formula.  A  recalculation  of  the  resultsof  Mr.  Miller's 
analyses,  eliminating  the  potassium  sulphate,  and  taking  the 
mean  of  the  experiments,  gives  as  the  ratio  of  the  chromium  to 
SO^,  18.23  :  41.62.  Now  the  ratio,  calculated  for  the  formula 
Cr^O.(SOJ^.SO^,  is  18.23  •  4I-99-  Having  then  the  direct 
determination  of  the  free  sulphuric  acid  from  Whitney's  last 
experiments  and  the  gravimetric  determination  of  the  chromium 

1  This  Journal,  3o,  496. 
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and  so,  in  the  basic  chromium  sulphate  from  Miller's  analysis, 
there  can  no  longer  be  any  reason  for  not  accepting  the  equation 
given  for  the  change  :  , 

2K,S0,.Cr,(S0J,  +  H,0  =  2K.S0,  +  Cr,0(S0J,.S0,  +  H,SO,. 

The  conclusion  drawn  in  the  article  by  Miller  and  myself  >vas 
conservative  and  still  stands  ;  namely,  that  the  color  of  the  green 
solutions  was  due  to  the  formation  of  basic  salts  of  chromium, 
green  and  uncrystallizable,  thus  confirming  the  explanation  first 
suggested  by  Berzelius.  To  this  must  now  be  adcfed  that  this 
formation  is  accompanied  by  the  liberation  of  a  portion  of  the 
combined  acid,  in  the  case  of  the  alum  corresponding  to  one-half 
of  the  total. 


[Contributions  from  the  Havemeyer  Laboratories,  Columbia  Uni- 
versity, No.  i8]. 

ON  THE  DECOMPOSITION  OF  NICKEL  CARBONYL  IN  SOLU- 
TION. 

Bt  Victor  Lbnher  and  Hbrmakn  A.  Loos. 

Received  January  xa,  1900. 

IT  has  been  shown  by  Berthelot  that  nickel  carbonyl  in  contact 
with  moisture  su£fers  decompositions  of  a  more  or  less  com- 
plex character.  When  nickel  carbonyl  is  mixed  with  water 
according  to  Berthelot*  there  is  formed  a  green  compound  which 
consists  of  hydrate  of  the  oxide  free  from  carbon.  A  portion  of 
the  nickel  carbonyl  at  the  same  time  escapes  and  is  oxidized  in 
moist  air  to  a  whitish  compound.  This  same  white  compound 
Berthelot  prepared  in  larger  quantity  by  the  slow  oxidation  with 
air  and  found  it  to  contain  5.3  per  cent,  carbon,  53.3  per  cent, 
nickel  oxide  (NiO),  and  40.1  per  cent,  water. 

Mond*  considers  the  green  body  formed  when  nickel  carbonyl 
is  exposed  to  damp  air  to  be  a  carbonate  of  nickel  of  varying 
composition. 

The  deportment  of  nickel  carbonyl  in  solution  is  different  from 
that  in  the  pure  condition  or  as  a  gas,  as  is  seen,  for  example, 
from  the  fact,  that  it  will  decompose  in  solution  at  60",  whereas 
in  the  gaseous  condition,  it  will  not  decompose  until  about  150°. 

1  Compt.  rend.,  xxa,  1343 ;  1x3,  679. 

a  Chem.  News,  64,  xo8 ;  also/.  Soc.  Chem,  Ind.,  xx,  750. 
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In  gaseous  condition,  heat  decoiiiposes  it  simply,  into  nickel  and 
carbon  monoxide. 

Ni(CO),  =  Ni  +  4CO. 

In  solution  the  action  takes  a  different  form  and  may  be  repre- 
sented as  follows : 

Ni(CO),  =  Ni  +  2C  +  2CO,. 
It  would  not  be  surprising  then  to  find  that  the  solution  would 
act  differently  than  the  pure  substance,  und^r  the  action  of  mois- 
ture or  oxidation. 

While  working  with  nickel  carbonyl  dissolved  in  various 
organic  solvents,  such  as  chloroform,  benzene,  toluene,  etc.,  it 
was  found  that  the  solutions  on  standing  suffer  decomposition 
with  the  formation  of  a  green  precipitate ;  this  was  probably 
due  to  the  presence  of  more  or  less  moisture,  either  in  the  sol- 
vent or  in  the  surrounding  atmosphere.  That  the  precipitate  is 
produced  by  the  action  of  moisture  is  evidenced  by  the  fact  that 
the  decomposition  is  more  rapid  when  the  solution  is  exposed  to 
the  air  and  still  more  rapid  when  moist  air  is  bubbled  through 
the  solution. 

A  solution  of  nickel  carbonyl  will,  after  standing,  suffer  decom- 
position with  the  formation  of  a  green  to  a  brown  gelatinous  pre- 
cipitate. In  appearance,  this  precipitate  is  similar  to  that 
obtained  by  the  action  of  water  or  moisture  on  pure  liquid  nickel 
carbonyl. 

The  precipitate  formed  from  various  solvents  has  been  studied 
with  a  view  of  determining  if  possible  its  composition.  The  sub- 
stance is  evidently  of  very  complex  nature  and  is  undoubtedly 
an  oxidation  product.  When  a  solution  of  nickel  carbonyl  in 
acetone  or  chloroform  is  allowed  to  stand,  a  green  gelatinous 
precipitate  forms  in  a  few  hours.  After  a  greater  length  of  time 
the  precipitation  becomes  complete,  and  on  filtration,  no  nickel 
can  be  found  in  solution.  This  same  decomposition  takes  place 
but  more  slowly  in  benzene,  toluene,  and  methyl  alcohol.  The 
precipitate  is  colored  light  green  to  dark  brown  according  to  the 
solvent  used,  and  according  to  the  small  amount  of  iron  carbonyl 
which  frequently  contaminates  the  nickel  carbonyl.  The  deport- 
ment of  the  solution  in  ethyl  alcohol  is  peculiar.  If  this  solu- 
tion is  mixed  with  an  equal  volume  of  water,  a  clear  solution  is 
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first  obtained,  but  in  a  few  minutes,  it  gelatinizes  to  a  greetl 
translucent  mass.  This  substance  settles  very  slowly.  On  fil- 
tering off  the  precipitates  and  carefully  drying,  all  assume  a 
greenish  color.  Examination  of  this  precipitate  indicates  that 
it  is  a  decomposition  product  which  contains  nickel  carbonyl  and 
nickel  hydroxide. 

Analyses  of  the  substance  obtained  from  toluene  gave  the  fol- 
lowing results  : 

Calculated  for  Found. 

Ni(CO)4.2Ni(OH),.4HaO.        I.  II. 

Carbon 11.19  11.66  11.38 

Hydrogen   2.80  2.95  2.97 

Nickel 41.26  42.82  42.68 

As  different  samples  gave  results  which  differed  slightly,  it 
appears  that  the  composition  of  the  substance  varies  slightly  as 
is  apt  to  be  the  case  in  an  oxidation  product.  A  precipitate  from 
benzene  was  found  to  contain  42.09  per  cent,  of  nickel,  while 
one  from  chloroform  contained  42.81  per  cent. 

The  precipitate  carbonizes  with  sulphuric  acid  while  with 
dilute  acids  carbon  dioxide  is  evolved.  Sodium  or  potassium 
hydroxide  attacks  the  precipitate  and  apparently  removes  a  por- 
tion, since  after  treatment  with  one  of  these  alkalies  and  thor- 
oughly washing,  acids  will  no  longer  produce  effervescence. 
Potassium  iodide  is  without  action  ;  potassium  cyanide  dissolves 
it  to  a  brpwn  solution.  It  is  insoluble  in  chloroform,  benzene, 
toluene,  petroleum  ether,  alcohol,  acetone,  methyl  alcohol,  or 
ether.  Ammonium  sulphide  converts  it  to  the  black  sulphide  of 
nickel.  Although  the  formula  calculated  for  comparison  with 
the  analyses  does  not  account  for  the  evolution  of  carbon  dioxide 
with  an  acid,  yet  this  can  be  explained  by  the  fact  that  carbon 
dioxide  is  invariably  a  result  of  the  decomposition  of  nickel  car- 
bonyl in  solution. 

ERRATUM. 

In  the  December  issue  (1899) ,  on  page  1 145,  in  the  fourth  line 
of  table,  for  '*  calcium  chloride*'  read  **  chloride  of  lime  (bleach- 
ing powder).*' 
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SUBSTITUTES    FOR   HYDROCHLORIC  ACID    IN    TESTING 

CARBONATES. 

By  Josbph  W.  Richards  and  Norman  S.  Powell. 
Receircd  January  93, 1900. 

THE  following  experiments  were  undertaken  in  the  hope  of 
finding  a  satisfactory  substitute  for  hydrochloric  acid  in 
producing  effervescence  with  natural  carbonates.  It  is  well- 
known  that  hydrochloric  acid  is  difficult  to  carry  in  a  portable 
set  of  apparatus,  and  while  it  is  entirely  satisfactory  to  use  it  in 
the  laboratory,  yet  it  would  be  very  desirable  to  have  some  solid 
material  to  replace  it  in  a  portable  testing  outfit. 

The  materials  tested  as  substitutes  were  potassium  acid  sul- 
phate, citric  acid,  tartaric  acid,  and  oxalic  acid.  These  were 
made  into  solutions  of  the  strength  of  4  parts  of  water  to  i  part  of 
salt  or  acid,  or  20  per  cent,  solutions.  This  would  correspond 
roughly  to  dissolving  a  piece  the  size  of  a  pea  in  i  cc.  of  water. 
Such  a  solution,  in  a  test-tube,  makes  a  suitable  reagent. 
Oxalic  acid,  however,  requires  about  twice  as  much  water  as 
above  given  for  complete  solution.  Therefore  this  was  of  about 
10  per  cent,  strength. 

The  carbonates  tested  were  as  follows :  calcite,  dolomite, 
magnesite,  siderite,  rhodochrosite,  smithsonite,  aragonite,  wither- 


Il8  JOSEPH  W.  RICHARDS  AND  NORMAN  S.  POWELI,. 

ite,  strontianite,  cerussite,  barytocalcite,  phosgenite,  malachite, 
azurite,  hydrozincite,  lansfordite. 

These  were  taken  as  representative  of  the  common  natural 
carbonates.  Each  mineral  both  as  lump  and  powder  was  tested 
in  cold,  warm,  and  nearly  boiling  solutions  of  each  reagent.  For 
convenience  in  recording  the  results,  the  following  numbers  are 
used  in  the  table  to  designate  the  degrees  of  effervescence. 

0.  No  action. 

1.  Gas  evolved  in  traces. 

2.  Gas  evolved  faintly,  but  plainly. 

3.  Gas  evolved  freely,  not  strongly. 

4.  Gas  evolved  strongly. 

5.  Gas  evolved  violently. 

The  results  were,  in  general,  that  the  powder  was  acted  on 
more  violently  than  the  lump,  and  the  action  was  stronger  as  the 
solution  was  warmer ;  but  there  were  exceptions  to  these  rules, 
which  will  be  noted. 

POTASSIUM  ACID  SULPHATE. 

(20  per  cent,  solution.) 

Cold:  Nearly  half  the  carbonates  were  unacted  on,  or  acted  on 
only  in  traces.  Warm:  All  were  acted  upon,  but  cerussite, 
strontianite  and  phosgenite  only  faintly,  and  witherite  in  traces. 
In  these  four  cases,  the  insolubility  of  the  sulphates  of  the  bases 
present  explains  the  faint  action.  Hot:  All  were  acted  upon, 
the  majority  strongly,  but  cerussite  and  phosgenite  yet  faintly, 
and  witherite  only  in  traces,  as  before.  With  careful  observa- 
tion, this  test  should  positively  detect  any  carbonate  with 
the  possible  exception  of  witherite. 

The  action  of  this  reagent  on  calcite,  dolomite,  and  magnesite,  is 
interesting.  In  lukewarm  solutions  the  powders  effervesce  as 
follows :  calcite  strongly,  dolomite  freely  but  not  strongly,  and 
magnesite  only  faintly.  This  corresponds  to  their  order  with 
hydrochloric  acid.  But  when  a  lump  of  each  is  put  into  hoi 
solution,  nearly  boiling,  the  order  is  reversed :  Calcite  effervesces 
freely,  dolomite  strongly,  and  magnesite  violently.  The  differences 
are  very  easily  noted,  and  make  this  test  quite  practicable  for 
distinguishing  between  these  minerals.  For  distinguishing 
calcite  from  dolomite,  the  action  of  the  cold  solution   on  the 
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powder  is  also  decisive;  calcite  powder  effervesces  strongly,  at 
once  ;  dolomite  powder  only  faintly. 

OXAtIC  ACID. 

(10  per  cent,  solution.) 

Cold :  About  half  the  carbonates  were  unacted  upon.  Warm  : 
All  were  acted  upon,  but  nearly  half  only  faintly;  only  two 
strongly.  Hot :  All  were  acted  upon,  the  majority  freely,  a  few 
only  faintly,  only  one  violently.  With  ordinary  care  in  observ- 
ing, this  test  is  satisfactory  for  all  the  carbonates  tried. 

With  calcite,  dolomite,  and  magnesite,  the  effervescence 
increased  in  the  order  given.  In  cold  solution,  calcite  was 
unacted  upon  either  in  lump  or  powder  ;  dolomite  showed  traces 
of  gas ;  magnesite  showed  gas  evolved  plainly.  In  hot  solution, 
calcite  effervesced  freely  but  not  strongly,  dolomite  strongly, 
magnesite  violently.  The  insolubility  of  calcium  oxalate 
accounts,  of  course,  for  this  behavior. 

CITRIC  ACID. 

(20  per  cent,  solution.) 

Cold:  About  half  the  carbonates  were  unacted  on,  or  acted 
on  only  in  traces.  Warm  :  All  were  acted  on,  about  one-third 
faintly,  onerthird  freely,  and  one-third  strongly.  Hoi :  All  were 
acted  upon,  only  three  (phosgenite,  rhodochrosite,  and  azurite), 
as  low  as  freely,  the  rest  being  strongly  to  violently  affected. 

We  recommend  this  reagent  as  entirely  satisfactory,  for  test- 
ing either  lump  or  powder  in  hot  solution.  This  reagent  also 
distinguishes  clearly  calcite  from  dolomite,  for  in  cold  solution 
calcite  effervesces  faintly  to  freely,  and  dolomite  is  entirely  un- 
acted upon. 

TARTARIC  ACID. 

(20  per  cent,  solution.) 

Cold:  Only  three  carbonates  were  unacted  upon,  smithsonite, 
rhodochrosite,  and  phosgenite;  about  half  were  acted  on  faintly, 
the  rest  freely,  one  strongly.  Warm  :  All  were  acted  upon,  one- 
third  faintly,  one-third  freely,  one-third  strongly.  Hot :  All 
acted  upon,  only  rhodochrosite  and  phosgenite  as  low  zs  freely 
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not  strongly y  the  rest  being  about  half  strongly  and  half  violently 
affected.  This  reagent  is  satisfactory  even  in  warm  solution, 
and  still  better  in  hot  solution. 

Unlike  citric  acid,  it  causes  dolomite  to  effervesce  in  traces 
even  in  the  cold,  while  calcite  is  made  to  effervesce  freely.  The 
distinction  is  therefore  not  quite  so  sharp  as  with  citric  acid. 

CONCI^USION. 

Tartaric  acid  is  the  best  of  the  four  reagents ;  citric  acid  is  a 
close  second.  Both  give  satisfactory  results  in  every  case  tested, 
using  lump  or  powder  in  hot  solution.  Oxalic  acid  also  gives 
effervescence  in  every  case,  in  hot  solution,  and  is  indeed  a  prac- 
ticable reagent,  but  not  so  strong  as  the  preceding.  Potassium 
acid  sulphate  is  satisfactory  except  in  the  cases  of  witherite  and 
phosgenite ;  the  rest  average  low,  but  the  effervescence  is  suffi- 
cient to  be  easily  observed.  Bearing  these  exceptions  in  mind, 
it  can  be  used  if  the  other  reagents  are  not  at  hand. 

Some  sulphides  also  effervesce  with  each  of  the  reagents,  giving 
off  hydrogen  sulphide,  as  with  hydrochloric  acid,  and  the  odor 
of  the  gas  coming  off  should  therefore  be  tested,  to  make  sure 
that  the  material  is  not  a  sulphide. 

Lbhioh  Untvbrsitt, 
January  i8,  1900. 


REQULATIONS  FOR  THE  TESTING  OF  THERHOMETERS.* 

[As  Adopted  by  the  Physikalisch-Technische  Reichsanstalt,  April  i,  1898.] 

I.    PRELIMINARY  REMARKS. 

I.  Glass  thermometers  filled  with  mercury,  alcohol,  toluene,  or 
any  other  suitable  liquid  will  be  accepted  for  testing.  They  will 
be  distinguished  as : 

a.  Standard  normal  thermometers  [Haupt-Normalthermoni' 
^ter"] ; 

b.  Thermometers  for  scientific  purposes  (laboratory  thermom- 
eters) ; 

c.  Thermometers  for  meteorological  purposes  and  for  estima- 
ting altitudes  by  boiling-point  determinations ; 

d.  Thermometers  for  technical  purposes  (factory  thermom- 
eters) ; 

1  Translated  for  the  use  of  the  Committee  on  Standards  and  for  the  Journal  of  the 
Society  by  C  E.  Unebarger. 
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e.  Thermometers  for  medical  purposes  (clinical  thermometers); 

/.  Thermometers  for  household  or  domestic  use  (window-, 
room-,  bath-thermometers,  etc.). 

The  standard  normal  thermometers  will  be  tested  only  at  the 
Physikalisch-Technische  Reichsanstalt,  the  thermometers  for 
household  use  only  at  the  testing  bureau  in  Ilmenau. 

The  Physikalisch-Technische  Reichsanstalt  is  to  decide  as  to 
the  acceptance  of  thermometers  other  than  the  above,  unless  this 
is  provided  for  in  what  follows,  although  questions  as  to 
acceptance  may  be  addressed  to  the  testing  bureau  at  Ilmenau. 

Such  faults  in  the  construction  of  all  thermometers  sent  in  to 
be  tested,  as  may  give  rise  to  inaccuracies  or  irregularities  in 
their  temperature  indications  or  render  their  reading  too  difficult 
are  to  be  avoided. 

2.  The  testing  is  done  in  two  stages — the  preliminary  testing 
\^Vorprufung'\  and  the  main  testing  \^Hauptprufung\.  The 
former  takes  into  account  all  the  regulations  given  in  paragraphs 
4  to  10,  while  the  latter  consists  of  a  regular  thermometric 
examination,  beginning  with  observations,  lasting  for  at  least 
eight  days,  on  the  constancy  of  the  indications  of  the  ther- 
mometer (by  means  of  determinations  of  the  freezing-point  and 
the  like). 

The  type  of  the  instrument  determines  whether  the  further 
tests  shall  involve  : 

a.  A  determination  of  the  fundamental  interval*  by  calibration 
and  comparison  with  normal  thermometers, 

b,  or  only  a  comparison  with  normal  thermometers  in  thermo- 
stats. 

Whenever  the  divisions  on  the  instrument  permit,  the  amount 
of  the  depression  of  the  freezing-point  will  always  be  determined 
and  stated  in  the  certificate. 

In  the  testing  of  a  maximum  or  minimum  thermometer  (for 
medical,  meteorological,  or  other  purposes),  besides  the  com- 
parison stated  in  b,  experiments  will  be  made  to  ascertain 
whether  the  instrument  works  properly.  The  errors  in  both 
series  of  tests  for  such  thermometers  should  not  differ  when  the 
divisions  are 

1  [The  fundamental  interval  is  the  scale  interval  between  the  normal  boiling-point 
and  the  normal  freezing-point,  the  latter  being  taken  at  the  lowest  position  observed.] 
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A*"  or  i°  by  more  than  0.08°  C. 

The  differences  in  the  readings  of  maximum  thermometers  a/ 
a  given  temperature  and  after  cooling,  should  not  in  the  case  of 
clinical  thermometers  amount  to  more  than  o.  15°  C.  In  the  case 
of  maximum  thermometers  of  other  kinds  the  allowable  differences 
are  to  be  estimated  from  the  length  of  the  mercury  column. 

Tests  will  also  be  made  to  ascertain  whether  the  device  for 
recording  the  maximum  temperature  offers  too  great  a  resistance 
when  the  mercury  is  shaken  down. 

3.  The  fundamental  temperature  scale  shall  be  that  of  the 
hydrogen  thermometer  as  adopted  for  the  international 
system  of  weights  and  measures  according  to  a  resolution  of  the 
Bureau  iniemational  des  Poids  et  Mesures,  on  October  15,  1887. 

II.   GENERAL  REGULATIONS. 

4*  The  glass  used  in  the  construction  of  the  thermometers 
should  have  the  least  possible  thermal  hysteresis  [thermische 
Nachwirkung'],  When  glass  is  employed  whose  hysteresis  is 
not  sufficiently  known  or  which  is  found  to  be  too  great,  the 
thermometers  must  be  allowed  to  stand  from  one  to  four  months, 
the  sender  being  notified  of  such  action. 

Thermometers  which  are  to  be  tested  at  temperatures  above 
100^  C,  as  well  as  all  finer  thermometers  such  as  listed  in 
paragraph  i,  under  a,  by  and  r,  must  be  subjected  to  an  artificial 
aging  process  before  they  are  sent  in.  This  consists  in  heating 
them  for  ten  to  thirty  hours,  according  to  the  temperatures  they 
are  intended  to  indicate,  to  the  highest  temperature  they 
register,  and  then  cooling  them  slowly.  Notice  must  therefore 
be  given  when  the  thermometers  are  sent  in  as  to  whether  this 
heating  has  been  done  or  not. 

Thermometers  reading  to  550**  C.  should  be  made  of  Jena 
borosilicate  glass  59m  or  some  similar  difficultly  fusible  glass ; 
those  reading  to  420^  may  also  be  made  of  Jena  normal  thermom- 
eter glass  i6i^i  (with  red- violet  stripe)  orof  Greiner  and  Friedrichs' 
resistance  glass  (with  blue  striped. 

5.  The  capillary  tube  must  be  clean  and  of  uniform  bore. 
Thermometers  of  the  types  a,  b,  r,  and  d,  in  paragraph  i,  are  to 
have  a  pear-shaped  bulb  blown  in  their  upper  end.     Bulbs  blown 


124  C*  ^-  LINBBARGBR. 

in  the  capillary  tube  itself  must  be  there  for  a  purpose, and  must 
not  occasion  a  narrowing  of  the  adjacent  parts  of  the  tube 
(unless,  indeed,  such  constrictions  are  meant  to  serve  a  special 
object),  which  might  cause  a  separation  of  the  mercury  during^ 
transportation  or  use.  The  upper  end  of  the  capillary  must  be 
in  plain  sight  and  not  covered  by  the  cap. 

6.  The  mercury  must  be  pure  and  dry  and  threads  of  it  must 
not  break  off  when  it  is  retreating  into  the  bulb.  The  mercury 
column  should  not  separate  at  any  place  when  the  thermometer 
is  inverted  without  jarring.  Exceptions  to  this  may  be  allowed 
in  the  case  of  thermometers  with  very  long  stems  or  large  bores 
or  with  especially  large  bulbs. 

Any  other  liquids  used  to  fill  the  thermometers  must  be  of 
such  a  nature  that,  when  the  column  of  liquid  is  I'etreating  into 
the  bulb,  visible  drops  do  not  remain  behind,  and  the  coloring- 
matter  that  may  be  employed  does  not  separate  out. 

The  use  of  liquids  with  too  low  boiling-points  is  to  be  avoided 
as  there  is  danger  of  their,  distilling  over  into  the  end  of  the 
capillary. 

Thermometers  designed  to  measure  temperatures  over  280*^  C. 
must  be  filled  above  the  mercury  with  some  dry  gas  (nitrogen, 
carbon  dioxide,  and  the  like)  under  proper  pressure. 

7.  The  scale-divisions  must  be  durable  and  without  any  easily 
apparent  errors.  In  the  case  of  enclosed  thermometers'  [Einschluss- 
thermometer^  the  scale-divisions  must  be  as  close  as  possible  to 
the  capillary  so  as  to  insure  definite  and  accurate  readings  at  all 
positions'. 

The  length  of  the  shortest  scale-division  on  a  stem  thermometer* 
\Stah-thermometer\  should  in  general  be  at  least  \  of  the  circum- 
ference of  the  tube. 

The  nature  of  the  division  must  be  designated  by  the  words 
hunderttheilig  [  **  hundred -degreed  **  ] ,  Celsius,  etc.,  and  the 
divisions  must  be  plainly  numbered.  Division  marks  must  not 
be  placed  on  widened  parts  of  the  capillary. 

Division  marks  should  not  extend  unnecessarily  far  above  the 
temperature  interval  to  be  employed.     Still  a  few  divisions  must 

1  Enclosed  thermometers  are  such  as  have  a  small  capillary  tabe  lying:  agrainst  a 
scale  and  all  enclosed  in  a  larger  tube. 

3  la  stem  thermometers  the  scale-divisions  are  cut  or  etched  directly  on  the  capillary 
tube. 
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always  be  marked  above  the  highest  and  below  the  lowest  of  the 
parts  of  the  scale  to  be  tested. 

Thermometers  with  Reaumur  scales  will  not  be  tested. 
Exception  to  this  rule  will  be  made  until  the  end  of  1900  in  the 
case  of  thermometers  for  technical  use  (cf.  paragraph  i,  ^). 

8.  The  scales  of  enclosed  thermometers  must  be  fastened 
securely  and  firmly,  but  must  permit  of  free  expansion  without 
bending  in  one  direction  with  reference  to  the  enclosing  tube. 
Thermometers  with  paper  scales  will  be  tested  only  up  to  60**  C. 

The  position  of  the  scales  with  reference  to  the  capillary  or 
the  enclosing  tube  is  to  be  controlled  by  means  of  a  mark  which, 
when  possible,  will  be  placed  on  the  right-hand  side  of  the 
thermometer  and  is  in  no  wise  to  interfere  with  the  reading  at 
that  point. 

The  enclosing  tube  of  enclosed  thermometers  should,  unless 
exceptions  be  allowed  according  to  the  special  regulations  (par- 
agraphs II  to  16),  be  fused  together  at  the  upper  end  or  be  pro- 
vided with  a  second  mark  in  the  vicinity  of  the  end  of  the  scale.  ' 

9.  Only  thermometers  of  the  types  d  and  /  (technical  and 
household  thermometers)  may  have  detachable  scales.  The 
tubes  of  such  thermometers  must  be  firmly  fastened,  must  lie 
close  to  the  scale,  and  must  bear  marks  to  control  their  position. 
The  fastenings  must  be  so  arranged  that  they  may  be  removed 
for  testing  and  marking. 

Thermometers  with  detachable  scales  will  have  both  tube  and 
scale  marked  (cf,  paragraph  17). 

10.  Thermometers  may  bear  the  maker's  number,  trade^mark, 
etc.,  but  nonsensical  marks  and  such  as  are  contrary  to  the 
results  of  the  testing  will  not  be  permitted. 

Maximum  and  minimum  thermometers  must  be  specially 
marked  as  such. 

There  must  be  on  every  thermometer  sufficient  room  to  place 
the  official  mark  or  stencil  {cf,  paragraph  17),  and  any  other 
needed  marks  {cf,  paragraph  18). 

III.   SPECIAL  REGULATIONS. 

In  what  follows  are  given  the  requirements  for  testing  and  the 
allowable  limits  of  error  for  the  different  types  of  thermometers 
listed  in  paragraph  i. 
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11.  Standard  Tiormal  thermometers  must  be  mercury-in-glass 
thermometers,  bearing  the  points  o  and  loo  on  their  scale  and 
must  permit  of  direct  calibration .  They  will  be  tested  exclusively 
by  the  Physikalisch-Technische  Reichsanstalt. 

The  divisions  of  these  thermometers  must  be  uniform  and  made 
without  regard  'to  the  errors  of  calibration.  The  errors  of  division 
should  not  exceed  ^,  and  the  width  of  a  mark  ^,  of  the  smallest 
interval. 

The  capillary  tube  must  have  a  pear-shaped  widening  at  its 
upper  end  and  must  be  free  from  air.  The  examination  of  these 
thermometers  will  be  made  between  the  temperature-limits, — 30** 
to  +  100®  C.  and  for  every  10"*  at  least. 

The  limits  of  error  are  : 

1.  For  the  fundamental  interval,  o.io^'C.; 

2.  For  the  error  of  calibration  as  the  difference  of  the  greatest 
deviations,  0.25®  C; 

3.  The  depression  of  the  freezing-point  after  a  half-hour's  heat- 
ing to  100°  C.  and  subsequent  imbedding  of  the  thermometer  in 
ice  for  five  minutes  should  not  amount  to  more  than  o.  10**  C. 

The  certificate  will  give  in  o.ooi®  the  corrections  for  calibration, 
fundamental  interval,  freezing-point,  and  reduction  to  the  gas- 
thermometer  and  also  the  aggregate  error  rounded  ofif  to  o.oi.** 

12.  Laboratory  thermometers  are  such  as  are  employed  in 
scientific  and  technical  investigations  in  the  laboratory  for  the 
measurement  of  temperatures  from  — 80**  to  +  SSo'^C* 

The  limits  of  error  are  : 


For  the  temperature  interval 

from 

—    80°  to 

—    30^ 

-    30°  " 

0^ 

qO     « 

100° 

100^  " 

200^ 

200^  " 

300^ 

300°  *' 

400" 

400°  *• 

550° 

When  the  scale  is  divided  into 
integral  deerees  or  fractions  of 

multiples  thereof.  a  degree. 

2*>C.  I.°C. 

I  0.5 

0.5  0.25 

1  0.5 

2  I 

3  2 

5  4 

1  Until  further  notice  the  scale  of  the  air  thermometer  shall  be  standard  for 
temperatures  over  loo*  C,  as  the  international  agreement  {cf-  paragraph  3)  has  reference 
only  to  the  interval  between  o*  and  100*,  the  comparison  with  the  hydrogen  thermometer 
having  not  yet  been  finished. 
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Tests  are  made  when  the  divisions  are  in 

t\j**  C.  for  at  least  every  10'', 

i*C.  for  at  least  every  15", 

i  or  ^^  C.  for  at  least  every  20^,  when  the  length  of  10®  is  more 
than  40  mm. 

I  or  T**  C.  for  at  least  every  25**,  when  the  length  of  10®  is  more 
than  20  mm.  and  less  than  40  mm. 

}  or  i**  C.  for  at  least  every  50®,  when  the  length  of  10**  is  more 
than  8  mm.  and  less  than  20  mm. 

i  or  ¥"  C.  for  at  least  every  100**,  when  the  length  of  10®  is  less 
than  8  mm. 

13.  ( I )  By  meteorological  thermometers  are  meant  those  used  in 
finding  the  temperature  of  the  air,  of  natural  waters,  of  the 
earth's  crust,  of  the  sun's  radiation,  of  the  dew-point,  etc.  The 
scale  may  embrace  any  interval  between — 70' and  +  ioo'*C. 

Tests  are  made 

When  the  divisions  are  in  Limits  of  error. 

\  or  ^^  C.  For  every  10®,  at  least.  Same  as  given  in 

i  "   i«>  "  **        **      2o«,  "     "  paragraph  la. 

(2)  Thermometers  for  the  measurement  of  altitudes  by 
boiling-point  determinations  may  be  divided  either  in  centigrade 
degrees  or  in  millimeters  of  tension  of  water- vapor  under  various 
pressures  and  may  embrace  the  interval  +  70  to  102°  C;  they 
may  also  have  an  auxiliary  scale  near  the  zero-point.  To  pre- 
vent as  much  as  possible  any  changes  in  these  thermometers 
when  used  for  some  time  on  scientific  expeditions,  they  should 
be  subjected  to  an  artificial  aging  process  {cf,  paragraph  4) 
before  they  are  sent  in. 

Tests  will  be  made  for  every  4**,  at  least,  or  in  case  a  millimeter 
scale  is  used,  for  every  50  mm.  The  errors  should  not  exceed 
0.1**  C.  or  3  mm.  respectively.  If  an  auxiliary  scale  be 
attached  at  o**,  the  depression  of  the  freezing-point  will  be 
determined  after  the  thermometer  has  been  heated  for  half  an 
hour  to  100^;  it  should  not  amount  to  more  thano.i**C.  If, 
however,  an  auxiliary  scale  is  not  attached,  the  depression  of 
one  of  the  lowest  points  of  the  scale  will  be  determined. 

14.  The  testing  of  thermometers  for  technical  purposes,  because 
of    the   multiplicity  of    their  forms    and   the  unusually    large 
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dimensions  of  some  of  them,  can  be  undertaken  only   as   the 
facilities  at  hand  permit. 

The  limits  of  error  for  these  thermometers  may  be  double  those 
given  in  paragraph  12. 

Thermometers  made  of  glass  free  from  thermal  hysteresis  up 
to  loo^'C.  whose  errors  are  all  less  than  0.05**  C.  are  termed  free 
from  error.  The  number  of  points  on  the  scale  that  will  be 
tested  is  fixed  according  to  the  regulations  given  in  the  same 
paragraph,  unless  the  thermometers  be  uncommonly  long. 

In  the  case  of  long  technical  thermometers  the  capillary 
connecting  the  bulb  and  scale  must  be  so  fine  that  the  indications 
of  the  thermometer  will  not  be  appreciably  affected  by  the 
temperature  of  the  neck,  due  regard  being  given  to  the  degree 
of  accuracy  required  of  such  thermometers.  If  tests  are  to  be 
made  at  higher  temperatures  on  factory  thermometers  having 
long  necks  whose  volume  cannot  otherwise  be  reliably  ascertained, 
they  must  be  sent  in  before  they  are  filled  under  pressure  so  that 
the  volume  of  the  connecting  capillary  can  be  determined. 

15.  Has  to  do  with  the  limits  of  error ^  etc.^  of  clinical  thermome- 
ters, 

16.  Treats  of  limits  of  error,  etc,  of  household  thermometers. 

IV.    CERTIFICATES,   CHARGES  AND  TIME    REQUIRED  FOR 

TESTING. 

17.  Thermometers  with  which  certificates  are  given  will  be 
marked  to  show  that  they  have  been  tested  by  the  Physikalisch- 
Technische  Reichsanstalt  with  the  Imperial  Eagle  {Reichscuiler) 
and  P  T  R,  and  to  show  that  the  testing  has  been  done  at 
Ilmenau,  with  the  Imperial  Eagle  and  G  S. 

They  are  also  marked  with  a  number,  with  which  all 
thermometers  with  the  exception  of  such  clinical  thermometers 
as  have  been  found  unsuitable  for  testing  are  provided. 

In  addition,  the  year  is  given  for  all  thermometers  listed  in 
paragraph  i,  under  a,  b,  c,  and  d. 

Besides  the  thermoraetric  errors,  the  certificate  contains 
indicatio'ns,  when  necessary,  as  to  the  kind  and  application  of 
the  thermometer  in  question. 

The  rounding-off  of  the  thermometric  errors  found  by  the  tests 
depends  upon  the  nature  of  the  scale  and  the  results  of  the 
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testing,  except  where  a  special  procedure  is  prescribed  for  the 
individual  classes  of  thermometers  in  the  foregoing  regulation^. 

As  a  rule  the  errors  obsecved  are  given  for  the  thermometers 
in  a  vertical  position  and  with  the  whole  of  the  liquid  column 
immersed  in  the  bath. 

If  the  use  of  the  thermometer  requires  the  liquid  column  to 
emerge  from  the  bath  whose  temperature  is  to  be  measured, 
information  must  be  given  when  the  thermometer  is  sent  in,  as 
to  bow  deep  the  thermometer  must  dip  into  the  bath  and  what 
the  temperature  of  the  emergent  column  may  be  assumed  to  be. 

18.  Charges  for  testing. 

19.  Thermometers  will  be  tested  in  the  order  of  their  receipt 
as  shown  by  the  post-mark ;  the  preliminary  tests  will  be  made 
at  once  upon  the  receipt  of  the  thermometer.  The  tests  will  be 
finished  in  from  three  to  four  weeks  according  to  their  nature 
and  the  amount  of  work  on  hand. 

APPENDIX. 

20.  Recommendations  as  to  the  packing  and  sending  of  thermom^ 
eiers. 


[Contributions  from  the  Havembybr  Laboratories  op  Columbia 

University,  No.  19.] 

A  NEW  SYNTHESIS  IN  THE  QUINAZOLINE  GROUP.* 

(preliminary  announcement.  ) 

By  Marston  Taylor  Boorrt  and  August  Hbhry  Gotthblf. 

Received  February  15,  1900. 

IN  the  course  of  some  researches  carried  on  in  this  laboratory 
by  J.  A.  Mathews  on  **  The  Action  of  Nitriles  upon  Aro- 
matic Acids,"'  it  was  discovered  that  when  anthranilic  acid  and 
acetonitrile  were  heated  together  in  a  sealed  tube  for  five  hours 
at  220^-230^  C. ,  instead  of  obtaining  orthoamidobenzonitrile  as 
expected,  there  resulted  a  crystalline  product  melting  at  232°. 
This  body  was  boiled  with  strong  hydrochloric  acid,  and  the 
solution  on  cooling  deposited  long  needles  which  sublimed  at 
about  280*  without  melting.  Not  enough  of  the  substance,  how- 
ever, was  secured  for  an  analysis,  and  hence  its  nature  could  not 
be  determined. 

1  Read  before  the  New  York  Section,  February  9,  1900. 
3  This  Journal ,  so,  654. 
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The  writers  have  continued  this  investigation,  and,  by  vary- 
ing the  conditions  slightly,  have  readily  obtained  very  fair  yields 
of  this  substance  and  identified  it  as  the  2-methyl-4-ketodihydro- 
quinazoline  first  described  by  Weddige*  and  later  obtained  by 
Bischler  and  Burkart,'  Bischler  and  Lang,'  and  Niemento^ski^ 
The  needles  obtained  by  Mathews  b}-  the  action  of  hydrochloric 
acid  were,  of  course,  only  the  HCl  salt. 

The  reaction  by  which  the  quinazoline  compound  is  produced 
from  anthranilic  acid  and  acetonitrile  is  easily  explained  when 
it  is  remembered  that,  under  conditions  of  heat  and  pressure,  a 
nitrile  tends  to  combine  with  an  organic  acid  to  form  a  secondary 
amide,  as  shown  first  by  Gautier,*  and  later,  in  this  laboratory, 
confirmed  by  the  work  of  Colby  and  Dodge.*  The  reaction, 
therefore,  probably  takes  the  following  course  : 

/NH,  /NH. 

C.h/  +  CH.CN  =  C.hZ 

\C00H  ^CO— NH— CO— CH, 

/NiH,  01  /     ^C— CH. 

C.h/     ' ij-  =  C.H,  I  ,    or 

\C0— NH— C— CH,  \       /NH 

CO^ 

NHi'H NH 

NoXXcH.        •  \  j 

\co/ 

As  early  as  1 860,  Griess  and  Leibius'  studied  the  action  of 
cyanogen  gas  upon  the  amidobenzoic  acids,  and  in  1869,  Griess^ 
obtained  condensation  products  by  passing  cyanogen  gas  into 
aqueous  and  alcoholic  solutions  of  anthranilic  acid.  The  con- 
densation products,  however,  were  due  entirely  to  a  preliminary 

^J.prakt.  Chem.  (2),  31,  124. 

2  Ber.  d.  chtm,  Ges.,  a6,  1350. 

»  /bid.,  a8,  283. 

4/.  prakt.  Chem,  (2),  51,  564 ;  and  Ber.  d.  chem.  Ges.,  99, 1360. 

6  Ztschr.  Chem.  (1869),  127. 
^  Am.  Chem.  J. y  xj,  i. 

7  Ann.  Chem.  (Liebigr).  xx3,  332. 
s  Ber.  d.  chem.  Ges.,  a,  415. 
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amidine  union  between  the  cyanogen  and  amido  groups,  which 
in  our  synthesis  is  very  improbable,  both  on  account  of  the  less 
acid  character  of  the  nitriles  employed  and  also  because  Bernth- 
sen  has  shown*  that  benzonitrile  and  aniline  have  no  appreciable 
action  upon  each  other  even  at  360'  C.  The  products  obtained 
'would  also  be  far  different  from  those  which  we  have  separated. ' 

The  reaction  of  Niementowski,*  by  which  he  obtains  quinazo- 
line  derivatives  through  the  interaction  of  an  amide  upon  anthra* 
nilic  acid,  appears  to  be  a  simultaneous  condensation  between 
the  amido  and  carbonyl  groups  of  the  amide  and  the  carboxyl 
and  amido  groups  of  the  anthranilic  acid,  and  is,  possibly,  in  its 
internal  mechanism,  somewhat  related  to  the  nitrile  synthesis 
under  discussion.  Niementowski  found,  however,  that  while  the 
yield  with  formamide  andacetamide  was  excellent,  as  the  molec- 
ular weight  of  the  amide  increased  it  became  less  and  less  satis- 
factory, the  higher  temperature  required  producing  more  and 
more  decomposition,  and  consequently  more  by-products,  while 
with  benzamide  the  condensation  failed  entirely  and  no  quinazo- 
line  body  could  be  obtained. 

With  our  synthesis,  on  the  other  hand,  using  nitriles  instead 
of  amides,  the  reaction  proceeds  just  as  smoothly  with  aromatic 
nitriles  as  with  aliphatic ;  the  contents  of  the  tubes  are  invariably 
crystalline  and  free  from  by-products  (except  a  small  amount  of 
carbonaceous  material),  and  by  treating  with  boneblack  and 
crystallizing  twice  from  alcohol,  the  quinazoline  body  is  obtained 
pure.  We  have  thus  prepared  with  the  greatest  ease  the  follow- 
ing derivatives  of  the  4-ketodihydroquinazoline,  together  with 
many  of  their  salts  : 

2'Methyl. — Identical  with  that  described  by  Weddige.' 

2' Ethyl. — Already  described  by  Bischler  and  Lang,^  and  by 
Niementowski .  * 

2-Phenyl. — Isomeric  with,  but  not  the  same  as  the  phenyl 
derivative  of  Komer,*  the  isomerism  probably  being  due  to  a 
different  position  of  the  double  bond  in  the  miazine  nucleus  (at 
(i),  instead  of  (2)  ?). 

1  Ann.  Chem.  (I^iebig),  184,  349,  foot-note. 
^J.prakt.  Chem,  (a),  sx,  564. 

•  Ibid,  (2),  31, 124. 

4  Ber.  d.  chem.  Ges.,  28,  284. 
ij.prahi.  Chem.  (2),  51,  568. 

•  Ibid.  (2),  36,  155. 
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2'Benzyl, — New. 

2'ParatolyL — New. 

The  description  of  these  bodies  and  their  derivatives,  together 
with  many  others  upon  which  we  are  now  at  work,  will  be  pre- 
sented later.  So  much  work  has  been  and  is  being  done  upon 
quinazolines  that  we  have  deemed  it  wise,  before  entering  upon 
the  very  extensive  field  which  this  new  synthesis  opens  up,  to 
present  this  preliminary  notice,  that  we  may  be  left  free  to  con- 
tinue our  work  without  fear  of  molestation. 

We  should  like,  therefore,  to  reserve  for  the  Organic  Labora- 
tory  of  Columbia  University,  the  study  of  the  action  of  cyanogen 
compounds  upon  organic  acids,  as  we  shall  endeavor  to  extend 
this  research  to  bodies  of  the  aliphatic  series  (in  the  hope  of 
obtaining  oxypyrimidine  compounds),  as  well  as  toother  classes 
of  compounds.  We  are  also  investigating  the  action  of  nitriles 
upon  other  ortho-substituted  acids,  etc.,  and  upon  closely  related 
bodies. 

When  one  considers  the  ease  with  which  the  nitriles  can  be 
obtained,  especially  in  the  aromatic  series,  and  the  fact  that  all 
the  nitriles  used  so  far,  both  aliphatic  and  aromatic,  react  with 
the  same  facility,  it  does  not  seem  too  much  to  say  that  this  new 
process  appears  likely  to  prove  the  most  widely  applicable  and 
most  important  synthesis  for  quinazoline  compounds  yet  dis- 
covered. 

Organic  I^aboratory,  Havbmbyer  Hall, 
Columbia  Univkrsity,  February  i,  1900. 


A  COMPARISON  OF  SOME  FORMALDEHYDE  TESTS.' 

By  B.  M.  Pilhashy. 
Received  Februarys,  1900. 

HAVING  had  occasion  to  make  some  qualitative  tests  to  show 
the  presence  of  formaldehyde,  I  reviewed  the  recent 
chemistry  for  the  detection  of  formaldehyde.  In  some  instances 
the  reaction  given  for  formaldeh^'de  proved  to  be  true  for  other 
aldehydes  also  and  apparently  for  distilled  water.  In  some 
cases  the  delicacy  of  the  reaction  given  for  a  particular  reagent 
was  not  true  for  the  stated  dilution,  while  in  others  the  reaction 
was  clear  and  not  to  be  doubted.     The  following  summary  of 

1  Read  before  the  Cincinnati  Section,  November  15.  1899. 
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varions  reactions  for  the  more  common  aldehydes  may  prove 
useful  to  others,  who  may  have  occasion  to  work  in  the  same 
line. 

(a)  Schiff^s  Reagent. — Most  aldehydes  in  dilute  solutions  give 
a  violet  coloration  with  this  reagent.  (Fuchsin  decolorized  by 
sulphurous  acid.)  This  can  also  be  obtained  by  mere  exposure 
of  the  reagent  to  the  air  or  by  warming  the  suspected  liquid  with 
the  reagent  even  in  the  absence  of  an  aldehyde.' 

(b)  Phenol  and  Sulphuric  Acid. — Most  aldehydes  give  with 
very  dilute  phenol  and  sulphuric  acid  added  to  form  a  layer 
beneath,  a  scarlet  ring  changing  to  dark  red  on  heating.* 

{c)  Diazohejizenesulphonic  Acid. — Most  aldehydes  with  this 
reagent  in  the  presence  of  free  alkali  and  sodium  amalgam  give 
an  intense  violet  color  at  once  or  within  twenty  minutes.  The 
colors  are  destroyed  by  exposure  or  by  acid.' 

(rf)  Nessler's  SoluHan. — Acetaldehyde  as  well  as  formaldehyde 
gives  a  precipitate  with  Nessler's  solution.  They  also  give  a 
precipitate  with  anilin.* 

{e)  Dimethylanilin  and  Sulphuric  Acid. — Trillat  gives  the 
following  reaction  for  formaldehyde  alone.  To  a  dilute  solution 
a  few  drops  of  sulphuric  acid  and  also  of  dimethylanilin  are 
added.  The  mixture  is  heated  for  half  an  hour  on  a  water- 
bath,  made  alkaline  and  further  heated  to  drive  off  the  excess  of 
dimethylanilin  which  can  be  detected  by  its  odor.  The  liquid  is 
then  filtered  and  the  paper  moistened  with  acetic  acid.  If 
formaldehyde  is  present,  a  blue  coloration  results  when  lead 
dioxide  is  then  sprinkled  on  the  paper.  ^ 

The  following  experiments  tend  to  show  that  this  reaction  is 
due  to  dimethylanilin  present. 

Experiment  i. — If  a  piece  of  filter-paper  be  moistened  with  a 
very  dilute  solution  of  dimethylanilin  in  water  it  will  give  the 
blue  color  reaction  with  lead  dioxide  and  acetic  acid. 

Experiment  2. — Twenty  cc.  distilled  water,  2  drops  of 
sulphuric  acid,  and  i  drop  of  dimethylanilin  were  mixed,  forming 

1  Allen's  ''Commercial  Organic  Analysis."  Vol.  I,  3rd  edition,  p.  217. 

s  Ihid. 

*  Ibid, 

«  Ibid.  . 

&  Ibid.^  p.  aao. 
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a  very  dilute  acid  solution.  This  was  heated  one-half  hour, 
during  which  time  loo  cc.  distilled  water  were  added  at  intervals 
to  replace  that  evaporated.  After  heating  a  while  a  strip  of 
filter-paper  dipped  into  this  solution  gave  a  yellow  color  with 
lead  dioxide  and  acetic  acid.  Another  strip  dipped  into  the 
solution  and  made  alkaline  with  ammonium  hydroxide  or  sodium 
carbonate  solution  gave  a  slight  blue  after  ten  minutes.  At  the 
end  of  the  heating  these  reactions  could  not  be  again  obtained 
pointing  to  a  probable  volatilization  of  the  salt  formed. 

Experiment  j. — Instead  of  the  distilled  water  in  Experiment 
2, 20  cc.  formaldehyde  solution  ( i  :  1000)  were  used.  After  heat- 
ing for  one-half  hour  a  strip  of  filter-paper  moistened  with  the 
solution  gave  the  yellow  color  observed  in  Experiment  2,  with 
the  lead  peroxide  and  acetic  acid  and  the  blue  color  with  the 
same  reagents  after  making  alkaline.  The  outside  of  the  dish 
was  coated  with  a  yellow  salt  which  was  washed  into  a  dish, 
made  alkaline  and  filtered.  The  filter-paper  gave  the  before- 
mentioned  blue  reaction. 

Experiment  4., — A  few  drops  of  dimethylanilin  were  dissolved 
in  water  with  the  aid  of  a  few  drops  of  sulphuric  acid.  A  strip 
of  paper  moistened  with  it  gave  the  yellow  reaction  with  lead 
peroxide  and  acetic  acid.  The  solution  was  neutralized  and 
filtered.  The  filter-paper  as  well  as  a  strip  moistened  with  the 
solution  gave  the  blue  coloration  as  above. 

Experiment s, — Twenty  cc.  formaldehyde  solution  (i  :  1000),  2 
drops  of  sulphuric  acid,  and  i  drop  of  dimethylanilin  were  heat- 
ed for  one-half  hour,  made  alkaline  with  sodium  hydroxide 
solution  and  then  heated  for  one  hour  longer  to  drive  off  any 
free  dimethylanilin  in  excess.  There  was  no  odor  to  the  solution 
which  was  filtered.  The  filter-paper  gave  no  blue  coloration 
with  lead  peroxide  and  acetic  acid. 

SUMMARY. 

From  the  foregoing  experiments  it  seems  that  Trillat's  test 
does  not  show  the  presence  of  formaldehyde,  but  of  dimethylanilin 
or  its  salts  when  not  completely  volatilized. 
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(/)  Lebbin's  Test? — This  is  said  to  be  delicate  enough  to  detect 
I  part  formaldehyde  in  10,000,000  of  water.  In  my  experience 
I  in  200,000  seems  to  be  the  limit. 

(g)  Morphin  hydrochloride  with  sulphuric  acid  is  not  to  be 
considered  sensitive  enough  for  formaldehyde  in  a  more  than 
I  :  1000  solution,  a  purple  ring  being  obtained. 

(A)  Phenylhydrazin  hydrochloride^  seems  to  be  the  best  reagent 
for  formaldehyde.  The  solution  of  i  gram  of  phenylhydrazin 
hydrochloride  with  1.5  grams  sodium  acetate  in  10  cc.  water  is 
used.  To  I  cc.  of  the  liquid  2  drops  of  the  reagent  and  2  drops 
of  sulphuric  acid  are  added  producing  a  green  coloration.  In  as 
dilute  a  solution  as  i  :  10,000  or  i  :  100,000,  3  cc.  of  the  liquid 
with  4  drops  of  the  reagent  and  4  drops  of  sulphuric  acid  heated 
for  half  a  minute  bring  out  the  color.  For  i  :  250,000,  3  cc.  of 
the  liquid  with  5  drops  of  the  reagent  and  5  drops  of  sulphuric 
acid  heated  for  about  a  minute,  give  a  very  light  tinge  of  green 
after  three  minutes,  a  decided  tint  after  ten  minutes. 

( i)  Rimini^  uses  phenylh ydrazin  hydrochloride  with  sodium  nitro- 
prusside  and  concentrated  sodium  hydroxide^  a  blue  coloration 
resulting.  One  part  in  1,000  and  i  in  10,000  give  an  intense 
blue  when  i  cc.  of  the  solution  is  mixed  with  2  drops  each  of 
phenylhydrazin  hydrochloride  solution  and  of  sodium  nitro- 
prusside  solution,  i  cc.  of  caustic  soda  solution  being  then  added. 
One  in  100,000  gives  a  deep  blue,  and  one  in  1,000,000  gives  a 
lig^ht  blue.  These  blues  change  quickly  to  green,  yellow,  light 
brown,  and  red.  A  peculiarity  is  the  rise  of  the  red  color  to  the 
top  leaving  a  yellow  layer  below.  Both  layers  are  clear  solu- 
tions. If  the  same  amount  of  reagent  as  given  above  be  added 
to  dilutions  greater  than  i  in  1,000,000,  about  the  same  shade 
of  blue  is  obtained  for  them, — hence  the  limit  seems  to  be  i  in 
1,000,000.         • 

1  Allen's  "Commercial  Organic  Analysis,"  Vol.  1, 3rd  edition,  p.  aao. 
sy*  Soc.  Chem,  /nd.,  Abst.,  p.  955  (1898). 
»  /Wrf.,  p.  954. 
*  Ibid,y  p.  697. 
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SOriE  NEW  TELLURIUn  COflPOUNDS. 

By  Vxctor  LBRHsm. 
RecelTed  January  •7.  1900. 

IN  many  points  tellurium  resembles  selenium  in  its  derivatives, 
the  oxides  are  not  unlike  in  their  behavior,  and  the  tellurites 
and  tellurates  are  very  similar  to  the  corresponding  selenites  and 
selenates. 

Tellurium,  ov^ing  to  its  high  atomic  weight,  shows  greater 
stability  in  its  higher  halogen  derivatives  than  the  preceding 
members  of  the  group  to  which  it  belongs.  Two  series  of  halides 
are  known,  corresponding  to  TeX,  and  TeX^.  The  tetrahalides 
are  those  most  commonly  met  with  and  seem  to  be  the  type 
which  tellurium  tends  to  follow  with  the  halogens.  With  sele- 
nium, on  the  contrary,  we  find  the  lower  halides  are  the  more 
stable.  Heat  transforms  the  tetra-  into  the  monohalides  with 
corresponding  loss  of  halogen.^ 

As  in  the  case  of  the  other  natural  groups  of  elements,  the 
basic  property  is  found  to  increase  with  the  rise  in  atomic 
weight,  so  here  also  we  find  the  same  tendency  in  the  higher 
members  to  be  more  basic  than  the  lower  ones.  Sulphur  is  a 
decidedly  acid  element ;  in  selenium  this  property  is  decidedly 
weaker,  while  with  tellurium  we  actually  find  such  salts  as  the 
tartrate,  basic  sulphate,  and  basic  nitrate,  which  are  not  known 
in  the  case  of  a  true  non-metal.  In  appearance,  tellurium  re- 
sembles a  metal,  while  sulphur  and  selenium,  in  the  elementary 
condition,  certainly  do  not  appear  metallic. 

As  a  result  of  this  increase  in  basic  properties,  we  should  ex- 
pect to  find  that  tellurium  forms  better  defined  double  halides 
than  selenium.  This  is  actually  the  case.  Chily  the  double 
bromides  of  selenium  are  known.  Attempts  to  prepare  double 
chlorides  thus  far  have  proved  unsuccessful,  and  likewise  the 
formation  of  double  bromides  of  selenium  is  restricted  within 
certain  limits. 

It  has  been  shown  by  the  author*  that  selenium  tetrabromide 
can  unite  with  the  hydrobromides  of  the  organic  amines  to  form 

1  This  Journal.  20,  57a. 
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well-defined  double  salts  in  which  the  amine  plays  the  r61e  of 
ammonia  in  the  compound  (NHJ,SeBr,,  Norris'  has  also  pre- 
pared a  number  of  the  double  halides  of  selenium. 

When .  tellurium  replaces  selenium  in  the  double  halides,  we 
obtain  more  clearly  defined  compounds  than  is  the  case  with  the 
latter.  In  fact,  while  selenium  tetrabromide  unites  with  only 
the  hydrobromides  of  the  fatty  amines  and  with  the  hydrobro- 
mides  of  pyridine  and  piperidine,  no  compound  could  be  pre- 
pared with  any  of  the  true  aromatic  amines  or  with  quinoline  ; 
neither  has  it  been  possible  to  prepare  an  aromatic  or  aliphatic 
amine  salt  in  which  selenium  tetrachloride  replaces  the  tetra- 
bromide. 

Both  tellurium  tetrabromide  and  tetrachloride  form  a  series  of 
beautiful  salts  with  the  aliphatic  amines,  and  both  of  the  halides 
also  unite  with  the  aromatic  amines  to  form  well-defined  deriva- 
tives. In  the  series  of  salts  which  has  been  prepared,  it  is  some- 
what striking  to  notice  that  all  the  bromides  are  red  while  the 
chlorides  are  invariably  yellow.  Wheeler*  has  shown  that  the 
double  chlorides  of  tellurium  with  potassium,  rubidium,  and 
cesium  are  yellow  while  the  corresponding  bromides  are  red. 

To  prepare  the  salts  it  is  only  necessary  to  add  a  solution  of 
tellurium  dioxide  in  hydrochloric  or  hydrobromic  acid  to  the 
amine  salt  dissolved  in  the  corresponding  acid  ;  a  precipitate  of 
the  double  salt  generally  forms  immediately,  and  this  precipi- 
tate, when  recrystallized  from  dilute  acid,  gives  crystals  of  the 
salt  in  a  purified  condition. 

All  the  double  salts  are  decomposed  by  pure  water  with  the 
formation  of  hydrated  TeO„  but  are  soluble  in  dilute  acids  and 
in  alcohol. 

Method  of  Analysis, — Great  difi&culty  was  at  first  experienced 
in  making  an  analysis  of  these  compounds,  owing  to  the  com- 
plications which  invariably  ensued.  The  method  which  was 
finally  adopted  consisted  in  dissolving  a  weighed  quantity  of  the 
salt  in  a  dilute  solution  of  tartaric  acid,  adding  to  this  a  meas- 
ured excess  of  standard  silver  nitrate  and  a  few  drops  of  ferric 
alum.  The  solution  was  then  treated  with  a  standard  solution 
of  ammonium  thiocyanate.     The  object  of  the  tartaric  acid  was 

1  /f  01.  Chem.J.^  ao,  490. 

8  Ztschr.  anorg.  Chem.,  3,  428. 
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to  hold  in  solution  the  tellurium  dioxide,  which  otherwise  would 
be  precipitated  by  the  water,  and  to  prevent  the  formation  of  a 
precipitate  of  silver  tellurite  which  would  interfere  with  the 
titration.  When  a  sufficient  quantity  of  tartaric  acid  is  present 
to  hold  tellurium  dioxide  in  solution '  and  prevent  its  action 
on  the  silver,  the  method  proves  very  accurate.  The  silver 
nitrate  solution  was  made  up  of  such  strength  that  i  cc.  = 
0.007969  gram  bromine  or  0.003533  gram  chlorine. 

Afethylamine  BromofelluraieXCll^NH^)^TeBr,, — To  a  solution 
of  methylamine  in  hydrobromic  acid,  a  hydrobromic  acid  solu- 
tion of  TeO,  was  added,  when  a  red  precipitate  immediately 
formed.  This  was  collected  on  a  filter  and  the  salt  purified  by  re- 
crystallization  from  dilute  hydrobromic  acid. 

0.3023  gram  salt  required  27.1  cc.  silver  nitrate  solution. 

Calculated  for 
(CH,NH,),TeBrs.  Found. 

Br 71.50  71.44 

The  crystals  are  of  a  red  color  and  are  regular  octahedrons, 
having  a  high  index  of  refraction. 

Methylamine  Chlorotellurate ,  (CH,NH,),TeCl..— This  sub- 
stance was  prepared  in  a  manner  similar  to  the  preceding ;  that 
is,  a  hydrochloric  acid  solution  of  tellurium  dioxide  was  added 
to  a  solution  of  the  amine  in  hydrochloric  acid  and  the  product 
recrystallized  from  dilute  hydrochloric  acid. 

0.3029  gram  salt  required  44.9  cc.  silver  nitrate  solution. 

Calculated  for 
(CH,NH,),TeCls.  Pound. 

CI 52.67  52.37 

The  crystals  appear  as  yellow  hexagonal  plates,  with  a  mica- 
ceous cleavage.  The  index  of  refraction  is  low,  and  in  polarized 
light  a  low  order  of  colors  is  shown. 

Ethylamine  Bromotellurate,  (C,H,NH,),TeBr..— Exactly  the 
same  procedure  was  adopted  in  the  preparation  of  this  salt  as 
with  the  methylamine  derivative. 

0.3056  gram  salt  required  26.3  cc.  silver  nitrate  solution. 

Calculated  for 
(C«HBNH,),TeBre.  Found. 

Br 68.63  68.58 

The  crystals  are  red  hexagonal  plates  which  show  a  strong 
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basal  cleavage.     In  polarized  light  the  colors  are  of  a  low  order, 
and  the  refractive  index  is  fairly  high. 

Ethylamine  ChloroteUurate,  (C.H,NH,),TeCl,.— This  salt 
forms  yellow  hexagonal  plates  showing  a  strong  cleavage,  and  in 
polarized  light  showing  a  low  order  of  colors. 

0.3034  gram  salt  required  42.1  cc.  silver  nitrate  solution. 

Calculated  for 
(C,HeNH,),TcCl,.  Found. 

CI 49.24  49.02 

Trimethylamtne  Bramotellurate,  [(CH,),NH].TeCl,.— This 
salt  is  the  most  strongly  crystalline  of  all  the  compounds  pre- 
pared. It  forms  red  orthorhombic  crystals  which  have  a  fairly 
high  index  of  refraction.  The  crystals  show  a  low  order  of 
colors  in  polarized  light,  but  in  convergent  light  a  biaxial  figure 
is  readily  seen. 

0.3029  gram  salt  required  24.9  cc.  silver  nitrate  solution. 

Calculated  for 
[(CH,)8NH],TeBr«.  Found. 

Br 65.9i8  65.51 

Aniline BramoUUurate,  (CeH.NHJ.TeBr,.— The  action  of  the 
bromide  of  tellurium  on  aniline  hydrobromide  is  quite  unlike  that 
of  selenium  tetrabromide.  In  the  case  of  selenium,  no  compound 
seems  to  be  formed,  the  aniline  actually  reducing  the  bromide 
of  selenium  even  in  acid  solution. 

When  a  solution  of  tellurium  dioxide  in  hydrobromic  acid  is 
added  to  aniline  hydrobromide,  a  red  precipitate  forms,  which 
can  be  purified  by  recrystallization  from  dilute  hydrobromic 
acid.  The  salt  then  appears  as  red  monoclinic  tablets  which 
act  strongly  on  polarized  light. 

0.3053  gram  salt  required  23.3  cc.  silver  nitrate  solution. 

Calculated  for 
(C«H5NHt),TeBr«.  Found. 

Br 60.34  60.82 

Aniline  ChlaroieUurate ,  (C.H,NH,),TeCl,.— While  selenium 
tetrabromide  does  not  enter  into  combination  with  aniline  hydro- 
bromide,  tellurium  tetrabromide  as  has  been  seen,  readily  forms 
a  double  salt.  The  formation  of  double  chlorides  with  selenium 
remains  yet  to  be  shown,  while  here  we  have  the  first  example 
of  the  union  of  tellurium  tetrachloride  with  the  salt  of  an  aro- 


I40  SOME   NEW  TELLURIUM   COMPOUNDS. 

matic  amine.  This  salt,  which  was  prepared  in  a  manner  simi- 
lar to  the  preceding  is,  like  all  of  the  chlorides,  yellow  in  color. 
The  crystals  of  the  salt  were  too  small  to  determine  their  form, 
but  they  are  active  to  polarized  light.  The  salt  is  very  light 
and  feathery. 
0-3017  gram  salt  required  34.2  cc.  silver  nitrate  solution. 

Calculated  for 
(CeH6NHt),TeCl«.  Found. 

CI 40.25  40.04    . 

Pyridine  Bromotellurate,  (C.H.NH),TeBr,. — This  compound 
forms  fine  red  crystals,  not  large  enough  to  determine  the  crys- 
tallographic  system  of  the  salt,  but  it  was  found  to  be  active  to 
polarized  light. 

0-3041  gram  salt  required  24.1  cc.  silver  nitrate  solution. 

Calculated  for 
(CftH»NH)»TeBra.  Found. 

Br 62.55  63.15 

Pyridine  ChloroteUurate,  (C,H,NH),TeCle.— This  salt  forms 
yellow  isometric  crj'stals  having  a  low  index  of  refraction.  The 
crystals  were  very  small. 

0.3012  gram  salt  required  36.2  cc.  silver  nitrate  solution. 

Calculated  for. 
(C»HBNH),TeCl6.  Found. 

CI 42.54  42.46 

Quinoline  Bromotellurate^  (CjH^NH),TeBr,. — Very  small  red 
crystals  of  the  salt  were  obtained,  which  were  found  to  act  on 
polarized  light. 

0.3026  gram  salt  required  21.00  cc.  silver  nitrate  solution. 

Calculated  for 
(C,H,NH),TeBre.  Found. 

Br 55.32  55.30 

Quinoline  ChloroteUurate,  (C,H,NH),TeCl6.— The  crystals  of 
this  salt  were  also  very  small  and  were  active  to  polarized  light. 
0.3051  gram  salt  required  30.6  cc.  silver  nitrate  solution. 

Calculated  for 
(C9H,NH),TeCl6.  Found. 

CI 35.44  35.43 

It  thus  appears  that  both  the  tetrachloride  and  tetrabromide 
of  tellurium  readily  form  double  salts  with  the  salts  of  both  the 
fatty  and  the  aromatic  amines.      The    salts    crystallize   well, 
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and  their  color  seems  to  be  dependent  on  the  halogen  content, 
the  bromides  being  invariably  red,  and  the  chlorides  yellow. 

A  solution  of  tellurium  dioxide  in  halogen  acids  gives  a  pre- 
cipitate with  nearly  all  of  the  alkaloids,  probably  forming  salts 
similar  to  those  above  described.  The  alkaloid  derivatives  are 
now  being  studied  in  this  laboratory. 


THE  ACTION  OF  a-ACYLATED  PHENYLHYDRAZINES 
ON  THE  CHLORINE  DERIVATIVES  OF  QUINONES. 

(preliminary  report.) 

By  WiiiLZAM  McPhbkson  aivd  Robert  Piscbbr. 

Received  January  09,  1900. 

THE  investigations  of  Zincke'  on  the  interaction  of  phenyl- 
hydrazine  and  the  quinones  led  to  the  general  result  that 
a-naphtboquinone,  /^-naphthoquinone,  and  phenanthraquinone 
condense  in  a  normal  manner  with  phenylhydrazine,  but  that 
under  similar  conditions,  all  of  the  quinones  of  the  benzene  series 
give  hydroquinones,  the  reaction  being  attended  with  gas  evolu- 
tion. Many  subsequent  efforts  have  been  made  to  effect  a  normal 
condensation  between  benzoquinone  and  phenylhydrazine,  since 
this  reaction  would  help  to  solve  the  problem  of  the  constitution 
of  the  oxyazo-bodies.  Although  this  has  not  as  yet  been  accom- 
plished, it  has  been  shown  by  one  of  us*  that  the  unsymmetrical 
acylated  phenylhydrazines,  e,g,^  C.H^N.C^H.O.NH,,  condense 
with  benzoquinone  in  a  normal  manner  forming '  a  hydrazone 
derivative  in  accordance  with  the  following  equation  : 

C.h/   +  H.N.C,H.O.N.C.H.  =  C.h£ 

^O  ^N— C,H.O.N.cX 

This  reaction  has  recently  been  extended  to  the  chlorine 
derivatives  of  quinone.  It  has  been  found,  however,  that  while 
the  of-acylphenylhydrazines  react  with  these  readily,  the  com- 
pounds formed  are  not  hydrazones  but  hydrazine  derivatives, 
possessing  a  structure  similar  to  the  so-called  anilidoquinones, 
formed  by  the  interaction  of  quinones  and  aniline  under  certain 
conditions.     With  trichlorbenzoquinone  the  following  reaction 

1  Ber,  d.  chem.  Ges.^  z6, 1563. 

3  Ibid.y  98,  2414 ;  Am.  Chem.  J.,  sa,  364. 
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takes  place,  the  two  hydrogen  atoms  being  removed  by  the  oxi- 
dizing action  of  a  second  molecule  of  the  quinone. 

O 

II 
C 


CIC 


CIC 


CCl 


+rHiNH,C,H.O.N.C,H.  = 


CiH 
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II 
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CIC 


CIC 


o 

II 

c 


CCl 
C— NH— C,H,O.N.C.H.+H, 


O 

This  reaction  is  analogous  to  the  interaction  of  trichlorqui- 
none  and  aniline,  investigated  by  Niemeyer,'  the  point  of  attack 
being  the  hydrogen  of  the  quinone  in  preference  to  the  chlorine. 

Tetrachlorquinone  gives  with  <r-benzoyl  phenylhydrazine  the 
same  product  as  trichlorquinone,  hydrochloric  acid  being  evblved. 

if  is  quite  probable  that  under  different  conditions,  hydrazone 
derivatives  of  the  chlorquinones  may  be  obtained.  This  subject 
is  now  under  investigation  in  this  laboratory.  The  interaction 
of  the  quinones  and  the  unsymmetrical  naphthylhydrazine  deriv- 
atives is  also  being  studied  with  the  hope  of  isolating  both  the 
true  oxyazo-bodies  and  their  isomeric  quinonehydrazones  and 
thus  definitely  deciding  the  constitution  of  the  so-called  free 
oxyazo-bodies. 

^Ann.  Chtm.  (Liebig),  siS,  3U. 
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EXPERIMENTAL  PART. 

Action  of  a- Benzoyl  Phenylhydrazine  on  Trichlorbemoquinone , — 
ix- Benzoyl  phenylhydrazino  trichlorquinone, 

XCl  =  CCk 
O  =C<^  ^C  =0 

CCl  =  C— NH— C,H.ON.C,H.. 

The  hydrazine  was  prepared  according  to  Widman's  excellent 
method,  *  for  the  preparation  of  unsymmetrical  hydrazines.  Some 
slight  changes  in  the  process  were  found  advantageous.  In  the 
case  of  af-benzoyl-)tf-acetylphenylhydrazine  the  following  method 
easily  gives  the  pure  solid  product,  in  place  of  the  diflScultly 
solidifying  oil  which  Widman  first  obtained.  To  10  grams  of 
pure  )8-acetylphenylhydrazine  were  added  70  grams  of  benzene 
and  9.4  grams  of  benzoyl  chloride.  The  flask  was  connected 
with  a  return  condenser  and  its  contents  heated  to  boiling.  The 
hydrazine  slowly  dissolved  with  evolution  of  hydrochloric  acid. 
After  heating  for  a  few  minutes  the  «-benzoyl-/5-acetylphenyl- 
hydrazine  began  to  separate  on  the  sides  of  the  flask  owing  to 
the  slight  solubility  of  the  body  in  benzene.  After  heating  for 
one  hour,  the  reaction  was  complete.  On  cooling,  the  product 
was  removed  by  filtration,  and  was  obtained  pure  (m.  p.  152®- 
153*)  by  a  single  crystallization  from  alcohol  diluted  with  an 
equal  volume  of  water.  The  yield  is  nearly  quantitative.  From 
this  the  difficultly  soluble  sulphate  (C,H,.NC,H.O.NH,),H.SO, 
was  prepared  by  saponification  as  directed  by  Widman.  In  the 
first  experiments  the  free  base  was  obtained  from  this  sulphate 
and  then  converted  into  the  soluble  hydrochloride.  In  the  later 
experiments,  however, it  was  found  advantageous  to  use  the  orig- 
inal sulphate,  dissolving  it  in  water  to  which  was  added  just 
enough  alcohol  to  effect  solution. 

Four  grams  of  trichlorquinone  and  7  grams  of  a-benzoylphenyl- 
hydrazine  sulphate  in  a  finely  divided  condition  were  placed  in 
a  flask  and  300  cc.  of  water,  140  cc.  of  alcohol,  and  a  few  drops 
of  sulphuric  acid  added.  The  flask  was  connected  with  a  return 
condenser  and  the  contents  boiled  for  five  minutes.  The  red 
powder  which  separated  was  then  filtered  from  the  hot  liquid 
and  dried  on  a  clay  plate  (yield  5  to  6  grams) .     The  body  was 

1  Monosrraph  '*  Ueber  asymmetrische  Secundiire  Phenylhydrazine,"  published  by 
tbe  "  Gesellschaft  der  Wissenschaften"  at  Upsula  1893;  also  Bcr.  d,  chem.  Ges.^  96,  945. 


144  THEODORE   WILLIAM   RICHARDS. 


easily  purified  by  crystallizing  from  benzene,  or  from  benzene- 
ligroin.     Melting-point  158.5'. 

1.  0.1 64 1  gram  substance  gave  0.1668  gram  silver  chloride. 

2.  0.21 15  gram  substance  gave  0.2127  gram  silver  chloride. 

1.  0.2397  gram  substance  gave  0.4714  gram  carbon  dioxide 
and  0.0620  gram  water. 

2.  0.2484  gram  substance  gave  0.4891  gram  carbon  dioxide 
and  0.0619  gram  water. 

Calculated  for  Found. 

C]tH,|N,0|Cla.  X.  a. 

c 54.09  53.63  53.69 

H 2.63  2.87  2.76 

CI 25.23  25.13  24.86 

o'-Benzoyl  phenylhydrazino  trichlorquinone  is  a  bright  red 
crystalline  body,  readily  soluble  in  hot  benzene  and  alcohol, 
from  each  of  which  it  crystallizes  in  long  rectangular  prisms  or 
in  star-shaped  groups  of  small  prisms.  It  is  sparingly  soluble  in 
ligroin,  and  practically  insoluble  in  glacial  acetic  acid  and  dilute 
caustic  soda  solution.  Its  action  with  phenylhydrazine  is  simi- 
lar to  that  of  quinone,  decomposition  occurring  with  evolution  of 
gas.  By  dissolving  in  concentrated  sulphuric  acid  as  well  as  by 
the  action  of  alcoholic  potash,  the  benzoyl  group  is  split  off,  but 
some  further  reaction  takes  place  forming  a  dark  brown  crystal- 
line body.  This  is  soluble  in  caustic  soda  and  melts  with  decom- 
position at  198**.     Its  structure  has  not  yet  been  determined. 

Ohio  State  University,  January,  1900. 


NOTE  ON  A  ilETHOD  OF  STANDARDIZING  WEIGHTS. 

By  Theodo&b  William  Richards. 
Received  February  a6,  1900. 

ALTHOUGH  nowadays  it  is  possible  to  procure,  for  a  com- 
paratively small  sum,  sets  of  weights  which  are  reasonably 
exact,  it  is  recognized  that  for  gravimetric  work  demanding  any 
considerable  degree  of  accuracy,  corrections  on  account  of  occa- 
sional errors  in  the  weights  must  be  applied.  It  is  obvious, 
moreover,  that  if  the  relative  values  of  the  weights  in  an  inexpen- 
sive box  are  known,  this  set  may  serve  a  purpose  which  would 
otherwise  demand  a  much  more  expensive  one.  For  ten  years 
every  student  in  quantitative  analysis  at  Harvard  has  been 
required   to  standardize   his  weights ;  and   since   the   method 
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adopted  has  some  peculiarities,  not  described  in  the  usual  direc- 
tions for  this  purpose,'  it  is  explained  below.  This  method  does 
not  pretend  to  be  especially  original ;  the  reason  for  its  publica- 
tion is  simply  a  desire  to  advance  the  cause  of  accuracy. 

According  to  our  method  the  weights  to  be  standardized  are 
weighed  wholly  on  one  side  of  the  balance,  the  comparison  being 
made  by  substitution.  This  procedure,  of  course,  eliminates  a 
possible  inequality  in  the  length  of  the  arms  of  the  balance, 
which  must  otherwise  be  computed.  A  more  important 
advantage  is  the  fact  that  it  also  obviates  the  mental  confusion 
resulting  from  the  continual  interchanging  of  weights  between 
the  opposite  pans.  Thus  is  avoided  one  of  the  common  sources 
of  error  in  the  beginner's  work. 

It  is,  of  course,  necessary  that  all  of  the  fractional  weights 
should,  taken  together,  constitute  a  gram  ;  and  because  the  mil- 
ligram weights  are  never  used,  it  is  convenient  to  add  an  extra 
centigram  weight  from  another  set  to  supplement  the  other  small 
weights.  The  different  wefghts  of  the  same  denomination  should 
be  marked  in  a  recognizable  way,  and  should  always  be  arranged 
in  the  same  order  in  the  box.  The  comparison  usually  begins 
with  centigrams  and  proceeds  upwards.  One  of  the  centigram 
weights  is  placed  upon  the  left-hand  scale-pan,  and  is  balanced 
by  any  suitable  tare,  care  being  taken  that  the  rider  is  not  too 
near  either  end  of  its  path.'  The  zero  point  of  the  balance  need 
not  have  been  taken  in  the  first  place.  The  swings  of  the  bal- 
ance with  its  centigram  load  are  now  carefully  noted  and  then 
another  centigram  weight  is  substituted  for  the  first.  Obviously, 
the  amount  by  which  the  rider  must  be  moved  to  attain  the  same 
position  of  equilibrium  gives  at  once  the  difference  between  the 
two  weights  ;  and  even  the  neophyte  could  hardly  err  as  to  its 
sign.  Of  course,  instead  of  moving  the  rider,  the  difference  may 
be  calculated  from  the  change  in  the  swings ;  or  both  swings 
and  rider  may  be  used.     The  first  weight  is  then  replaced  upon 

1  For  the  usual  method  adopted  by  Kohlrausch,  see  Ostwald's  Handbook  of  Phys. 
Chem.  Measurements  (Walker),  p.  41. 

3  A  crude  set  of  weights  is,  of  course,  the  most  convenient  tare,  and  a  5  millig;-am 
Weight  may  be  kept  on  the  left-hand  pan  so  that  the  rider  may  assume  a  convenient 
position.  The  use  of  the  left-hand  scale-pan  for  the  weights  to  be  standardized  renders 
a  confusion  of  the  sign  of  the  correction  less  likely,  because  the  rider  is  on  the  right. 
In  this  case,  the  weights  are  the  objects  to  be  weighed^  and  hence  naturally  take  the  left- 
hand  position. 
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the  left-hand  pan,  and  if  the  swings  correspond  to  the  first  obser- 
vation it  is  reasonably  certain  that  the  balance  has  remained  in 
a  constant  condition  throughout  the  trial,  and  hence  that  the 
difference  between  the  two  weights  has  been  accurately  deter- 
mined.  In  this  way  every  weight  is  compared  with  every  other 
weight  of  the  same  denomination,  as  well  as  with  the  combina- 
tion of  all  the  smaller  weights.  Thus  are  obtained  a  number  of 
independent  equations  one  less  than  the  number  of  weights; 
and  by  assuming  the  value  of  any  one  of  the  weights  the  others 
may  all  be  calculated.' 

We  have  found  it  most  convenient  for  the  purposes  of  calcu- 
lation to  make  the  temporary  assumption  that  the  first  centigram 
weight  is  correct.  From  it  by  the  simplest  possible  process  of 
addition  and  subtraction  may  be  built  up  quickly  the  values  of 
all  the  other  weights.  While  the  values  thus  computed  are 
wholly  consistent  among  themselves,  they  are  usually  far  too 
different  from  the  face  values  of  the  weights  for  convenient  use. 
The  reason  of  this  is  because  the  assumed  standard  is  so  small  a 
quantity.  It  is  necessary  then  to  translate  these  consistent 
values  into  other  terras  by  dividing  every  value  by  the  value  of 
one  of  the  larger  weights,  to  be  taken  as  the  new  and  permanent 
standard.' 

This  division  (which  would  demand  six  or  seven  place  logarithm 
tables  for  the  larger  weights)  is  conveniently  replaced,  however, 
by  a  simple  method  depending  upon  the  properties  of  small 
numbers  in  presence  of  large  ones.'  It  is  quite  sufiiciently 
accurate  to  compare  the  value  of  each  weight  with  the  correspoild- 
ing  aliquot  part  of  the  value  of  the  weight  to  be  taken  as  a  final 
standard.  The  difference  between  the  actual  value  and  the  ideal 
value  will  give  at  once  the  correction  to  be  applied  to  the  weight. 

1  Of  course,  many  extra  equations,  which  are  not  independent  of  the  others,  are  ob- 
tained by  the  literal  fnlfilment  of  the  preceding  directions.  These  extra  equations  may 
be  used  to  verify  the  final  results,  if  desired.  The  comparisons  best  suited  for  the  cal- 
culation are  given  in  a  table  on  a  following  page. 

s  If  it  is  desired  to  r^fer  the  whole  box  of  weights  to  the  international  standard,  it 
iSt^of  course,  necessary  to  include  a  weight  which  has  been  standardized  at  Washington 
in  the  series,  and  thus  to  find  the  value  of  the  international  gram  in  terms  of  the  centi- 
gram chosen  as  the  temporary  basis.  The  aliquot  parts  or  multiples  of  this  value  are 
then  used  precisely  in  the  manner  indicated  further  on.  Por  all  ordinary  purposes, 
however,  this  is  wholly  unnecessary ;  and  one  of  the  lo-gram^ pieces  of  the  box  is  a  more 
convenient  standard. 

B  Nernst  und  Schoenfliess  Math.  Behand.  der  Naturwiss,  p.  303  (1895). 
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Of  course,  if  the  weight  is  not  heavy  enough  this  correction 
carries  a  minus  sign,  and  must  be  subtracted  from  the  result  of 
any  weighing  in  which  that  weight  is  used ;  for  the  deficiency 
necessitates  the  addition  of  extra  weight  on  the  rider-arm,  and 
hence  the  sum  of  the  face-values  of  all  the  weights  used  is  too 
large.  Long  experience  has  shown  that  the  sign  of  the  final 
correction  is  the  most  insidious  cause  of  error  in  the  whole 
process ;  for  the  beginner  always  thinks  that  if  a  given  weight  is 
too  light,  its  correction  should  be  added. 

The  table  below  presents  all  the  data  and  results  of  a  sample 
standardization,  as  well  as  all  the  calculation  which  need  be 
written  down  by  anyone  possessing  even  a  moderate  ability  to 
add  figures  mentally.  In  the  first  column  the  weights  are  named 
by  their  face-values,  which  are  enclosed  in  parentheses  in  order  to 
show  that  they  do  not  signify  true  grams.  In  the  second  column 
are  given  the  results  of  the  mutual  comparison  of  these  weights 
copied  from  a  note- book  in  which  every  detail  of  each  weighing 
was  recorded.  The  third  column  gives  the  actual  values  of  the 
weights  based  upon  the  first  centigram  weight ;  these  values  are 
obtained  by  simply  adding  together  the  appropriate  preceding 
values  in  the  third  column  and  the  last  minute  fractional  weight 
enumerated  in  the  second  column.  The  aliquot  parts  of  the 
value  for  the  lo-gram  piece,  which  is  now  to  be  taken  as  the 
permanent  standard,  are  recorded  in  the  fourth  column,  while 
the  corrections  sought,  obtained  by  simply  subtracting  the 
numbers  in  the  fourth  column  from  those  in  the  third,  are  given 
in  the  last  vertical  row. 
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lO'vring  to  neglected  fractions  the  figures  in  the  last  column,  when  added  together, 
are  sometimes  slightly  discordant  with  those  given  in  the  second  column.  This  is  inev- 
itable ;  of  course  such  corrections  should  always  be  calculated  to  one  decimal  place  be- 
yond the  figure  which  one  wishes  to  have  exact. 
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Nominal  values. 

OData  obtained   by 
3       substitution 
g           method. 
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0 

J3  Preliminary  val- 
g      nes  (actual). 
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0 
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mmus  ideal). 1 
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It  is  convenient  to  prepare  from  the  individual  corrections  a 
card  exhibiting  at  once  the  corrections  corresponding  to  the 
usual  combinations  of  weights  from  i  to  99  centigrams  and  from 
I  gram  upwards.  This  card  minimizes  both  the  labor  of  apply- 
ing the  corrections  and  the  danger  of  possible  error  in  the  pro- 
cess. It  is  hardly  worth  while  to  print  here  an  example  of  such 
a  card,  but  the  method  of  application  may  be  illustrated.  The 
page  of  the  note-book  is  ruled  with  two  parallel  vertical  lines, 
which  contain  the  two  corrections  found  in  the  card.  The  upper 
correction  corresponds  in  each  case  to  the  whole  grams,  and  the 
lower  to  the  fractional  weights. 


Observed 
weight. 
Grams. 

Weight  of  crucible  +  substance  •  19.3105 

alone 16.9916 


(I 


i( 


4( 


Cor. 
mg. 

/+O.39 
( — O.OI 

4-0.06) 
+0.06/ 


{ 


} 


Corrected 
weight. 
Grams. 

19.3109 
16.9917 


2.3192 


Weight  of  substance 

Thus  the  increased  accuracy  is  gained  with  very  little  sacri- 
fice of  time  or  mental  labor.  It  is  usually  more  convenient  to 
adjust  the  rider  by  filing  to  exactly  12.0  (or  lo.o)  milligrams 
rather  than  to  apply  a  correction  for  this  also. 

1  See  foot-note,  p.  147. 
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The  method  of  comparing  the  actual  value  with  an  ideal  one 
is  also  a  convenience  in  st;andardizing  burettes  by  means  of  the 
Ostwald  *'  calibrator."     In  the  original  description  of  this  pro- 
cess it  is  assumed  that  the  calibrator  delivers  exactly  an  integral 
number  of  cubic  centimeters  ;*  but  if  only  a  few  instruments  are 
to  be  calibrated  it  is  both  troublesome  and  expensive  to  secure 
such  a  precise  instrument.     We  have  found  it  convenient  to  use 
a  calibrator  of  any  size,  and  to  compare  in  parallel  columns  its 
multiples  with  the  actual  readings  of  the  burette.     The  capacity 
of  this  calibrator  is  most  conveniently  obtained  in  the  following 
manner.     Suppose  that  as  a  mean  of  several  comparisons  it  has 
been  found  that  sixteen  fillings  of  the  calibrator  correspond  to 
49.53  cc.  on  a  given  burette.     Grease  is  the  most  serious  foe  to 
accuracy   in  this  process.     The  burette  is   now    refilled,    and 
exactly  this   amount  of  pure  water  is  run  out  into  a  weighed 
flask,  with  all  the  precautions  which  would  be  used  in  an  actual 
titration.     The  weight  of  the  water  gives  by  appropriate  calcu- 
lation* the  true  volume  of  sixteen  fillings  of  the  calibrator.     Sup- 
pose this  was  found  to  be  49.44  cc;  then  the  volume  of  the  cali- 
brator as  it  is  actually    used  in  a  calibration  must  be       7^    = 

16 

3.090  cc.  The  differences  between  the  successive  readings  of  the 
burette  and  the  successive  numbers  3.09,6. 18, 9.27, ... .  etc.,  give 
at  once  the  errors  of  the  graduation  of  the  tube  at  these  intervals. 
These  differences  or  correctiohs  may  be  plotted  on  a  diagram  in 
which  the  ordinates  are  volumes  and  the  abscissas  corrections. 
The  correction  to  be  applied  for  50  cc.  is  obviously  — 0.09  cc. 
Here  again  the  sign  is  somewhat  perplexing  to  the  inexperienced. 
These  simple  methods  have  stood  the  test  of  years  of  use  in 
our  first  course  upon  quantitative  analysis,  and  their  practicabil- 
ity under  these  circumstances  shows  that  reasonable  accuracy  in 
weights  and  measures  is  within  the  easy  reach  of  all. 

Harvard  University,  Cambridob,  Mass., 
February  20,  1900. 

1  Ostwald :  Handbook  of  Phys.  Chem.  Measurements  (Walker),  p.  87  (1894). 
•This  Journal,  ax,  527  (1899). 


/ 


METHODS  FOR  THE  DETECTION  OF   ••  PROCESS  "  OR 

"  RENOVATED  "  BUTTER. 

By  W.  H.  Hess  and  R.  £.  Doolittlb. 
Received  February  Uf  x90o. 

^  ^  r)ROCESS  *'  butter  commonly  called  **  renovated  '*  butter 
1  is  a  product  prepared  about  as  follows:  Unsalable 
dairy  or  creamery  butter,  bought  at  a  low  price  in  the  spring 
and  summer,  is  melted  and  the  butter-fat  drawn  oft.  The  curd 
originally  present  in  the  butter  is  rejected,  thereby  removing  a 
large  part  of  the  rancidity  if  any  be  present.  Milk  is  now  added 
to  this  butter-fat  and  stirred  in  so  as  to  be  evenly  mixed  through- 
out, when  the  whole  mass  is  cooled  quickly,  so  as  to  prevent  the 
separation  of  the  ** butter  oil.**  This  milk  soon  sours,  the 
casein  therein  is  coagitlated,  and  thus  there  is  provided  an 
artificial  curd  which  contains  a  percentage  of  nitrogen  about  the 
same  as  that  of  the  curd  of  real  dairy  butter.  The  butter-fat  of 
this  renovated  butter  does  not  materially  differ  from  ordinary 
butter-fat  in  any  of  its  chemical  properties. 

It  is  evident,  therefore,  that  for  the  detection  of  process  butter, 
we  must  depend  on  the  difference  between  the  curd  of  genuine 
butter  made  from  cream,  and  the  artificial  curd  supplied  in 
**  process  "  butter  by  the  addition  of  milk.  There  are  proteids 
in  milk  which  are  insoluble  in  water,  and  therefore  separate  out 
and  occur  with  the  cream.  The  insolubility  of  these  proteids 
was  more  fully  brought  out  by  S.  W.  Babcock  in  his  work  upon 
the  proteids  of  cream  (1888) .  These  proteids,  insoluble  in  water, 
pass  into  the  butter  and  form  the  main  part  of  the  substance 
commonly  known  as  the  curd.  It  is  a  cohesive,  gelatinous  mass 
and  notably  non-granular.  The  curd  of  *  *  process' '  butter,  however, 
consists  chiefly  of  coagulated  casein.  This  is  a  flaky,  granular^ 
non-cohesive  mass,  and  does  not,  therefore,  resemble  the  proteids 
of  cream  in  physical  properties.  The  following  method  of  analysis 
has  proved  satisfactory : 

TEST  FOR   BUTTER-PAT. 

The  purified  fat  is  examined  with  the  butyro-refractometer. 
At  25*^0.,  the  reading  seldom  varies  from  51*  in  the  case  of 
**  process"  butter,  and  hence  does  not  differ  from  butter-fat  in 
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this  respect.  This  reading  is  taken  to  assure  the  operator  that 
the  fat  at  hand  is  butter-fat  and  not  a  substitute,  as  oleomargarine. 
A  determination  of  the  volatile  fat  acids  will  serve  as  well. 

TEST^  OF  THE  CURD. 

After  having  proved  that  the  fat  is  butter-fat,  an  examination 
of  the  curd  is  made.  The  first  test  that  is  made  is  one  which 
depends  on  the  cohesive  properties  of  the  curd  of  pure  butter. 
If  a  portion  of  the  butter  sample,  about  i  gram,  is  placed  in  a 
convenient  container — a  spoon  answers  the  purpose  admirably — 
and  heated  over  a  free  flame,  the  mass  will,  in  case  the  sample  is 
pure  butter,  assume  a  foamy  appearance,  which  is  very  striking. 
In  case  the  sample  is  **process"  butter,  no  foaming  is  produced, 
but  the  mass  merely  bumps  and  sputters  like  hot  grease  contain- 
ing water.  Oleomargarine  behaves  like  *  'process' '  butter,  but  it 
has  been  excluded  by  previous  tests. 

APPEARANCE   OF  THE   CURD. 

A  sample  of  the  butter  is  melted  in  a  beaker,  the  fat  is 
decanted,  and  the  curd  is  well  washed  with  ether  to  remove  the 
remnant  of  fat.  The  curd  is  poured  out  on  a  clean  glass  plate 
in  a  thin  layer  and  allowed  to  dry.  A  sample  of  genuine  butter 
is  treated  likewise.  The  physical  appearance  is  then  quite 
distinctive  especially  when  a  magnifier  of  3  to  6  diameters  is 
used  for  the  examination.  The  curd  from  the  true  butter  will 
have  an  amorphous,  non-granular  appearance,  while  the  curd 
from  ** process*'  butter  has  a  very  coarse,  curdy  appearance. 
The  one  is  the  proteid  of  cream,  the  other  is  the  proteid  of  milk  ; 
the  one  is  a  gelatinous,  ropy  mass,  the  other  is  a  granular,  easily 
divided  substance.  Casein  dissolves  readily  in  acid  or  alkali ; 
the  curd  of  genuine  butter  dissolves  only  on  prolonged  treatment 
with  these  reagents. 

IDENTIFICATION  OF  THE  SOURCE  OF  THE  CURD. 

A  convenient  sample  of  the  butter,  25  to  100  grams,  is  placed 
in  a  beaker  and  melted  at  45**  to  50** C.  (It  is  worthy  of  note 
that  ** process"  butter  will  not  yield  a  clear  liquid  fat  at  the 
end  of  half  an  hour  or  even  twenty-four  to  forty-eight  hours, 
while  genuine  dairy  or  creamery  butter  yields  a  clear  supernatant 
liquid  as  soon  as  melted. )     As  much  as  possible  of  the  fat  is 
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decanted,  and  the  remaining  portions,  composed  of  curd,  water, 
salt,  and  the  remnant  of  fat,  are  thrown  upon  a  moistened  filter 
and  the  water  is  allowed  to  drain  through.  This  water  carries  the 
soluble  proteids  as  well  as  salt.  To  this  filtrate,  a  few  drops  of 
acetic  acid  are  added  and  then  the  solution  is  brought  to  a  boil. 
In  case  the  filtrate  is  from  the  curd  of  pure  butter,  only  a  slight 
milkiness  is  produced  (absence  of  albumins);  but  in  case  the 
filtrate  is  from  the  curd  of  **  process  '*  butter  a  flocculent,  white 
precipitate  of  albumins  is  formed,  a  certain  indication  that  the 
source  of  the  curd  is  from  milk.  Other  tests  for  the  albumins 
may,  of  course,  be  used.  If  strong  hydrochloric  acid  be  added 
to  the  filtrate  from  the  curd  of  **  process"  butter,  a  violet  color 
is  produced  (Liebermann's  test  for  albumin). 

QUANTITATIVE   EXAMINATION   OP  THE   CURD. 

If  the  artificial  curd  of  *  *  process  *  *  butter  has  been  derived  from 
milk,  then  the  ratio  of  the  percentage  of  casein  to  the  percentage 
of  albumins  should  be  the  same  as  that  ratio  is  in  milk,  or  about 
9  parts  of  casein  to  i  part  of  albumins.  The  ratio  in  the  curd  of 
**  process  **  butter  sold  on  the  market,  as  actually  found,  was  8.6 
parts  of  casein  to  i  part  of  albumins.  The  method  of  estimation 
is  as  follows :  50  grams  of  the  butter  are  placed  in  a  beaker  and 
dissolved  in  ether  to  a  clear  solution.  In  case  the  sample  is 
genuine  butter,  the  curd  is  so  finely  divided  that  it  remains  in 
suspension  in  the  ether  and  considerable  time  may  be  required  for 
a  clear  solution.  As  much  as  possible  of  the  ether  solution  of  fat 
is  decanted  and  the  whole  of  the  remainder  transferred  to  a 
separatory  funnel.  The  casein  and  water  with  the  salt  are  then 
removed  and  the  washing  with  ether  repeated  three  or  more  times 
to  remove  all  the  fat  from  the  curd.  The  casein  is  then  filtered  out, 
washed  with  water,  and  the  nitrogen  estimated  by  the  Kjeldahl 
method.  The  filtrate  from  the  curd  is  made  slightly  acid  with 
acetic  acid  and  then  brought  to  a  boil.  The  albumins  are 
filtered  out  and  estimated  by  the  same  method. 

These  tests  serve  to  differentiate  between  genuine  butter  and 
**  process"  butter,  as  it  is  now  found  on  the  market. 

I^ABORATORY  OF  TBB  MICHIGAN  DAIRY 
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CHEMICAL  METHODS  FOR  ASCERTAINING  THE  LIME 

REQUIREMENT  OF  SOILS. 

By  H.  J.  Wheeler,  B.  h.  Hartwell,  and  C.  L.  Sargent. 

Receired  February  so.  1900. 

HAVING  recognized  the  occurrence  of  an  injurious  degree  of 
acidity  in  the  upland  soils  of  Rhode  Island  and  other 
states,  even  upon  steep  hillsides,  it  became  important  to  ascertain 
by  chemical  means  if  possible  the  relative  lime  requirement  of 
different  soils.  If  such  could  be  done  in  a  simple  and  effective 
way,  then  one  would  be  in  a  position  to  recommend  satisfactorily 
"what  amount  of  lime  to  use  per  acre  without  resort  to  field  tests. 

TESTS  BY  BLUE  LITMUS  PAPER. 

Perhaps  the  simplest,  though  nevertheless  a  very  satisfactory 
test,  is  that  made  by  bringing  a  piece  of  blue  litmus  paper  in 
contact  with  the  moistened  soil  and  observing  the  intensity  and 
rapidity  of  the  reddening  thus  produced.  Though  unsatisfactory, 
in  view  of  its  not  being  a  quantitative  test,  much  valuable  infor- 
mation regarding  the  amounts  of  lime  which  should  probably  be 
used,  may  thus  be  obtained,  after  some  experience,  by  one  who 
is  a  careful  observer.  Wahnschaffe'  in  speaking  of  this  reaction 
says,  **  since  the  free  carbonic  acid  of  the  soil  reddens  the  paper, 
one  must  allow  it  to  dry  and  observe  whether  or  not  the  red  color 
is  still  visible.*'  Roscoe  and  Schorlemmer' state  that  **  carbonic 
acid  readily  decomposes  into  water  and  carbon  dioxide.  In 
consequence  of  this,  litmus  paper  which  has  been  turned  red  in 
the  aqueous  acid,  becomes  blue  on  drying."  They  then 
immediately  add  that  the  reddening  of  litmus  solution  may  be 
brought  about  by  conducting  into  it  carbon  dioxide,  but  that 
upon  heating  the  solution  the  carbon  dioxide  is  expelled,  and 
after  boiling  a  few  seconds  the  liquid  again  becomes  blue.  In 
Watts*  Dictionary  of  Chemistry'  it  is  stated  that  an  *  *  aqueous 
solution  of  CO,  turns  blue  litmus  paper  wine-red  ;  the  blue  color 
returns  on  exposure  to  air.**  It  seems  probable  that  on  account 
of  the  well-known  reaction  of  litmus  solution  whereby,  when 
reddened  by  carbon  dioxide  gas,  it  returns  to  a  blue  color,  it  has 

1  Anleitung  zfxr  wissenschaftlichen  Bodenuntersuchungen,  Berlin  (1887),  p.  56. 

2  '»  Treatise  on  Chemistry,"  I,  New  York  (1888),  p.  638. 
s  Vol.  I,  London  (1890),  p.  695. 
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been  assumed  that  a  similar  reaction  would  necessarily  take 
place  when  operating  with  litmus  paper.  This  conclusion  seems 
exceedingly  probable  since  the  writers  have  been  unable  to  find 
references  in  the  literature  to  any  definite  tests  bearing  upon 
this  point.  It  is  possible  also  that  tests,  if  made,  were  carried 
out  by  operating  with  carbonic  acid  upon  small  sections  of  a 
piece  of  litmus  paper,  in  which  case,  sufficient  alkali  might 
diffuse  from  the  surrounding  paper  into  the  section  acted  upon, 
to  neutralize  the  carbonic  acid  still  remaining.  That  such  a 
return  of  the  blue  color  may  result  when  the  entire  portion  of 
the  litmus  paper  is  not  subjected  to  treatment  with  acid,  has 
been  demonstrated  by  us  upon  commercial  paper  in  the  case  of 
carbonic  acid  and  of  very  dilute  citric  acid. 

Owing  to  the  action  of  the  fingers  upon  blue  litmus  paper  and 
the  bleaching  action  of  the  sun,  the  test  would  be  far  simpler 
and  more  reliable  in  the  hands  of  practical  farmers  if  it  were  not 
necessary  to  wait  for  the  paper  to  dry  before  drawing  conclusions 
as  to  the  probable  needs  of  the  soil.  In  view  of  the  fact  that 
some  of  the  conditions  prevailing  when  working  with  litmus 
paper  are  so  different  from  those  existing  when  employing  the 
solution,  it  seemed  probable  that  blue  litmus  paper,  if  entirely 
reddened  by  carbonic  acid,  and  dried  with  the  promptness  that 
would  ordinarily  be  expected,  would  not  return  to  its  original 
blue  color.  Dr.  H.  E.  Stockbridge  told  one  of  us  that  he  was 
under  the  impression  that  he  once  found  this  to  be  the  case.  In 
order  to  test  this  matter  thoroughly,  trials  were  made  with 
ordinary  commercial  blue  litmus  paper  and  also  with  lots  of  paper 
prepared  from  solutions  made  according  to  Classen*  and  Sutton.* 
The  carbonic  acid  was  prepared  by  expelling  the  carbon  dioxide 
from  an  aqueous  solution  of  chemically  pure  sodium  bicarbonate 
by  simply  boiling  without  the  use  of  acid.  A  return  condenser 
was  employed  and  the  carbon  dioxide  was  washed  in  distilled 
water  before  its  collection.  Steam,  generated  from  the  distilled 
water  which  was  used  subsequently  to  dissolve  the  sodium 
bicarbonate,  was  first  passed  through  the  entire  apparatus  for 
some  time   and   the   distillate  tested  to  insure  the  absence  of 

1  Bdckmann's  **  Chemise h-technische  Untersuchungsmetboden",  Vol.  I,  Berlin 
(1888),  p.  97. 

s  The  third  method.  Sutton's  "  Handbook  of  Volumetric  Analysis",  London  (z882)» 
P-3I- 
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volatile  organic  acids.  Treated  with  carbonic  acid  prepared  in 
this  way  all  three  lots  of  blue  litmus  paper  were  permanently 
reddened  when  dried  naturally  in  the  open  air  or  in  a  room  free 
from  acids  and  ammonia.  It  is  evident  therefore  that  when  dried 
naturally  the  carbon  dioxide  is  not  lost  to  any  great  extent  or 
else  the  red,  acid  coloring-matter  of  the  litmus  is  too  firmly  fixed 
upon  the  fiber  of  the  paper,  to  permit  of  its  reunion  with  the  base, 
a  change  which  would  have  resulted  in  the  case  of  a  solution, 
after  the  expulsion  of  the  carbon  dioxide.  Coupling  with  these 
results  the  fact  that  so  long  as  a  liberal  amount  of  calcium  car- 
bonate is  present  in  a  soil,  the  presence  of  carbonic  acid  tends  to 
increase  rather  than  lessen  the  tendency  toward  an  alkaline 
reaction'  (a  point  proved  by  us  experimentally  in  the  laboratory) 
it  must  be  evident  that  the  indication  of  acidity  afforded  by  a 
piece  of  blue  litmus  paper  is  sufficient  to  show  a  deficiency  of 
calcium  carbonate  or  other  basic  ingredients  in  soils,  without 
first  allowing  the  paper  to  dry,  as  suggested  by  Wahnschaffe. 

TESTS   BY  EXTRACTION   WITH  AMMONIA. 

Miintz*  states  that  it  is  easy  to  distinguish  whether  or  not  a 
soil  is  acid,  since  if  such  is  the  case  it  imparts  a  black  color  to 
ammonium  hydroxide  when  the  two  are  brought  in  contact.  He 
adds  that  in  the  case  of  soils  which  are  not  acid,  the  organic 
matter  is  in  an  insoluble  combination  with  lime  and  consequently 
yields  nothing  to  ammonium  hydroxide.  The  same  has  been 
found  by  us  to  be  the  case  with  a  sample  of  fertile  adobe  soil 
kindly  forwarded  by  Professor  Goss,  from  New  Mexico.  Similar 
observations  have  also  been  made  on  one  Massachusetts  and  two 
Rhode  Island  soils  where  wood  ashes  or  calcium  carbonate  in 
some  form  had  been  applied  to  the  land  with  such  frequency  as 
to  entirely  overcome  its  acid  reaction  upon  blue  litmus  paper. 
Snyder,"*  however,  calls  attention  to  a  soil  which  he  says  con- 
tained 3.15  per  cent,  of  lime  (CaO)  and  4.19  per  cent,  of  carbon 
dioxide,  and  yet  when  treated  with  ammonium  hydroxide  for 
the  determination  of  the  so-called  **freehumic  acid"  yielded 
a  dark    brown    extract  amounting    to    from  0.3    to  0.4  of  a 

1  Compare  Detxner  Die  naturwissenschaftlichen  Grundlagen  d.  allg.  landw.  Boden- 
kande  (1B76).  p.  451;  also  St5ckhardt,  Jahrbuch  ftir  Agrriculturchemie  (1866),  p.  zo. 

3  Bncyclop^die  Chimique,  4,  PL  4i  P'  18. 

SBuHetin  No.  56,  Chemical  Division,  United  States  Department  of  Agriculture,  Wash- 
ington, D.  C,  1899. 
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per  cent.  This  would  tend  to  throw  some  doubt  upon  the 
reliability  of  the  treatment  with  ammonium  hydroxide  as  a  means 
of  arriving  at  the  lime  requirements  of  all  soils,  though  it  is  not 
improbable  that  for  soils  of  certain  sections  of  the  United  States 
which  are  possessed  of  definite  characteristics,  the  treatment  may 
be  of  considerable  value  as  was  the  case  in  the  particular  acid 
soils,  for  which  Miintz  employed  the  method.  The  details  of 
the  method  as  proposed  by  Miintz*  are  as  follows  :  To  20  grams 
of  powdered  soil,  add  50CC.  of  concentrated  ammonium  hydroxide. 
Allow  it  to  stand  for  from  two  to  three  days  in  a  warm  place. 
Agitate  frequently  and  at  the  end  of  the  period  make  the  volume 
up  to  I  liter.  It  is  then  shaken  and  allowed  to  subside  for 
twenty-four  hours.  To  500  cc.  of  the  liquid  add  sufficient 
hydrochloric  acid  to  give  a  strong  acid  reaction  in  order  to  pre- 
cipitate the  humus,  which  carries  with  it  some  mineral  matter. 
After  the  precipitate  has  subsided,  decant  the  supernatant  liquid, 
collect  on  a  filter,  dry  and  weigh  in  a  weighing  bottle,  incinerate, 
deduct  the  ash,  and  the  **free  humic  acids"  are  thus  obtained 
by  difference.  In  order  to  determine  what  influence,  if  any,  the 
use  of  concentrated  ammonium  hydroxide  might  have  upon  the 
results  compared  with  dilute  solutions,  a  sample  of  upland  soil 
was. tested  by  the  above  method  and  yielded  i.oo  per  cent. 
Treated  for  the  same  time  with  the  same  amount  of  ammonium 
hydroxide  previously  diluted  to  500  cc.  (containing  1.13  per 
cent,  of  ammonia)  it  also  yielded  i.oo  per  cent.  The  same  soil 
treated  for  a  like  time  with  500  cc.  of  the  same  solvent  containing 
2.4  per  cent,  of  ammonia  yielded  i.oo  per  cent.  Employing 
sufficient  concentrated  ammonium  hydroxide  so  that  after 
diluting  t0  500cc.  it  would  have  the  same  strength  as  in  the  last- 
mentioned  instance,  it  yielded,  treated  for  the  same  time,  1.03 
per  cent.  It  appears  therefore  that  in  the  case  of  ordinary  soils 
the  strength  of  the  solvent  within  reasonable  limits  is  not  an 
essential  feature,  and  that  the  solution  usually  employed  in  total 
humus  determinations  may  be  used  here  with  equal  propriety. 

THE    METHOD    OF    HOLLEMAN    FOR    DETERMINING    THE    LIME 

REQUIREMENTS  OF  STIFF   CLAY  SOILS. 

Holleman*   in    searching    for    the    cause  of    the  occasional 

1  Bncyclop^die  Chimique,  4,  Pt.  4,  p.  182. 

3  Die  laadw.  Versuchs-statioaen  41  (1893),  p.  38. 
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ineffectiveness  of  gas-lime  upon  certain  stiff  clays  in  Holland 
concluded  that  it  might  be  due  to  the  presence  in  them  of  con- 
siderable calcium  carbonate.  He  thereupon  made  determinations 
of  the  lime  removable  by  water  and  by  water  saturated  with 
carbon  dioxide.  The  water-soluble  lime  was  determined  as 
follows:  Twenty  grams  of  air-dried  soil  were  digested  with 
frequent  shaking,  at  ordinary  temperature,  for  forty-eight  hours 
with  I  liter  of  distilled  water.  Five  hundred  grams  of  the 
filtrate  to  which  a  few  drops  of  acetic  acid  had  been  added  were 
evaporated,  the  residue  taken  up  in  water;  and  first  a  little  acetic 
acid  and  then  a  measured  quantity  of  y^  solution  of  ammonium 
oxalate  were  added  and  the  volume  made  up  to  100  cc.  After 
filtration,  the  excess  of  oxalic  acid  is  estimated  by  titrating  with 
a  YfF  solution  of  potassium  permanganate.  For  determining  the 
lime  soluble  in  carbonic  acid  20  grams  of  air-dried  soil  are  taken 
and  sufficient  distilled  water  added  to  make  up  i  liter  ;  it  is  then 
saturated  with  carbon  dioxide  and  after  twenty-four  hours  filtered 
and  treated  as  described  above.  From  the  data  obtained  by 
Holleman,  he  concluded  that  where  extraction  with  carbonic 
acid  removed  0.15  per  cent.,  or  less,  of  calcium  oxide,  stiff  clay 
soils  would  be  benefited  by  liming. 

In  order  to  test  the  applicability  of  this  method  to  the  acid  sandy 
and  clayey  loam  soils  of  our  State,  two  samples  were  selected, 
the  first  being  from  a  farm  in  Warren,  R.  I.,  where,  with  the 
same  manurial  and  other  treatment,  the  yield  of  beets  upon  the 
unlimed  plot  was  272  pounds  against  329  pounds  upon  the  limed 
plot.  The  second  soil  was  from  Foster  Center,  R.  I.,  where 
under  the  same  conditions  the  yield  of  beets  upon  the  unlimed 
plot  had  been  36.6  pounds  and  upon  the  limed  one  143.4  pounds. 
In  making  the  test  of  the  soil  from  Warren,  80  grams  of  soil  were 
employed,  and  in  that  from  Foster  Center,  40  grams.  The  soil 
was  placed  in  each  case  in  a  flask  to  which  i  liter  of  distilled 
water,  saturated  with  carbon  dioxide,  was  added.  The  flask 
was  agitated  frequently  and  the  treatment  continued  for  forty 
hours.  Four  hundred  cc.  of  the  extract  were  evaporated  to  dry- 
ness, taken  up  in  water  and  a  little  acetic  acid,  y^  ammonium 
oxalate  was  added,  and  after  filtration,  the  whole  was  made  up  to 
200  cc.  Aliquot  parts  of  this  solution  were  titrated  with  yi  potas- 
sium permanganate,  after  acidulation  with  sulphuric  acid.     In 
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one  instance  the  small  amount  of  acetic  acid  was  removed  by 
evaporation  to  dryness  before  adding  sulphuric  acid  and  titra- 
ting without  practically  affecting  the  results.  Allowing  for 
the  blank  found,  the  amount  of  calcium  oxide  thus  determined 
amounted  in  the  Poster  Center  soil  to  0.0360  per  cent.  In  the 
case  of  the  Warren  soil,  which  was  treated  in  the  same  manner, 
the  amount  of  calcium  oxide  removed  from  the  soil  was  found  to 
be  0.0287. 

The  Warren  soil  extracted  with  distilled  water,  in  a  similar 
manner  for  forty-eight  hours,  yielded  0.0120  per  cent,  of  calcium 
oxide. 

From  these  tests  it  will  be  seen  that  the  soil  which  was  least 
benefited  by  lime,  yielded  less  lime  than  the  other.  It  is 
possible  that  the  use  of  double  the  amount  of  soil  in  the  last 
instance  may  have  depressed  the  result  somewhat  as  compa|pd 
with  the  other,  though  it  is  not  likely  that  the  difference  caused 
by  this  factor  would,  under  the  circumstances,  have  been  readily 
appreciable.  At  all  events  the  amount  of  lime  removed  in  the 
highest  case  was  only  about  one-fifth  of  that  below  which 
Holleman  found  lime  useful  on  stiff  clays. 

It  appears,  therefore,  in  view  of  the  marked  degree  of  acidity 
of  those  of  our  soils  which  it  seemed  desirable  to  test  as  to  their 
lime  requirements,  that  this  method  is  probably  not  of  great 
value.  It  is  regretted,  nevertheless,  that  the  pressure  of  routine 
work  has  prevented  making  further  tests  of  the  applicability  of 
the  method  to  our  special  needs,  particularly  with  greater 
attention  to  maintaining  the  saturation  of  the  carbonated  water. 

THE  METHOD  OP  TACKE  FOR  DETERMINING    THE    FREE  HUMUS 

ACIDS    IN   THE    PEAT    (MOORBODEN)    SOILS 

OF   NORTH   GERMANY. 

Tacke*  states  that  no  method  is  known  for  determining 
quantitatively  the  acidity  of  soils,  and  calls  attention  to  the  ' 
desirability  of  possessing  a  satisfactorily  exact  method  for  the 
purpose.  He  discusses  the  difficulties  in  the  way  of  determining 
the  acidity  by  various  ways  which  would  naturally  suggest 
themselves,  and  finally  gives  a  method  which  yielded  good 
results.     It  is  impossible  to  give  the  method  satisfactorily  in 

1  Chem.  Ztg.,  No.  20,  1897,  p.  174. 
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detail  without  reproducing  the  illustration  of  the  apparatus 
which  he  employed.  Essentially  the  method  consists  in  expel- 
ling the  carbon  dioxide  from  calcium  carbonate  brought  in  con- 
tact with  the  soil  at  ordinary  room  temperature.  Hydrogen  is 
passed  over  the  soil  for  some  time  in  the  apparatus,  then  finely 
divided  calcium  carbonate,  shaken  up  with  water,  is  introduced 
and  allowed  to  act  upon  the  soil  for  two  and  a  half  hours  or 
longer  as  desired.  The  carbon  dioxide  disengaged  is  taken  as  a 
measure  of  the  acidity  of  the  soil,  the  amount  being  determined 
by  passing  it  through  a  Pettenkofer  tube  containing  ?  or  yi 
sodium  hydroxide.  The  liquid  is  finally  removed  from  the  tube, 
taking  care  in  regard  to  the  absorption  of  carbon  dioxide  from 
the  air,  barium  chloride  then  added  and  the  solution  titrated 
with  5  or  TT  hydrochloric  acid  using  phenolphthalein  as  an 
indicator  with  attention  to  the  points  brought  out  by  the  investi- 
gations by  Kiister'  and  by  Lunge.*  Determined  in  this  way, 
using  soil  in  its  natural  state,  the  amount  of  acid  reckoned  as 
carbonic  acid,  represented  by  100  parts  of  dry  material,  amounted 
in  the  case  of  various  peat  soils  to  from  1.721  to  2.240  per  cent. 
The  method  gives  promise  of  much  value  for  such  soils  as  a 
guide  to  the  amount  of  lime  which  they  should  receive.  In 
April,  1895,  experiments  were  begun  by  one  of  us  for  the  pur- 
pose of  ascertaining  if  the  amount  of  carbon  dioxide  liberated 
from  calcium  carbonate  upon  heating  it  with  upland  acid  soils  in 
the  presence  of  waten:,  could  be  used  as  a  guide  to  the  amount  of 
lime  to  apply  to  them.  Owing  to  the  pressure  of  routine  matters, 
this  work  was  several  times  taken  up  and  then  soon  discontinued. 
Not  having  satisfactorily  perfected  a  method  at  the  time  Tacke*s 
results  were  published,  it  was  decided  to  see  if  his  method  was 
applicable  to  our  upland  soils.  Two  unlimed  soils  were  selected 
for  the  trial,  the  one  from  land  where  sodium  nitrate  had  been 
applied  for  several  years  and  the  other  from  land  where  the 
manuring  had  been  identical  except  that  the  same  quantity  of 
nitrogen  had  been  applied  in  ammonium  sulphate.  The  yields 
of  most  crops  had  been  for  several  years  far  better  upon  the  former 
than  upon  the  latter  plot  of  land. 

1  Ch£m.  Ztg.  Repert,  sg,  aSa  (1896)  ;  Zlschr.  anorg.  Chem.^  13,  127  pp.    (1896). 
s  Bestimmung   vonCaustiscbcn  uad    Kohleasauren    Allcalien,  G.  Lunge,  Ztschr, 
angew.  Chem.,  41  (1897). 
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The  percentage  of  carbon  dioxide  obtained  by  treat- 
ment for  three  hours,  calculated  to  dry  soil,  was  0.039  ^^r  the 
soil  which  had  received  sodium  nitrate  and  0.067  for  the  one 
which  had  received  ammonium  sulphate.  In  other  words 
the  results  stood  in  the  same  relation  as  the  yields.  Taking 
into  account  the  fact  that  the  soils  contained  nearly  4  per  cent, 
of  humus  and  from  1.25  to  1.55  per  cent,  of  humus  immediately 
soluble  in  ammonium  hydroxide,  it  is  evident  that  the  action  of 
this  class  of  soils  upon  calcium  carbonate,  at  ordinary  tempera- 
ture, is  far  less  vigorous  than  that  of  the  peat  soils  tested  by 
Tacke.  The  percentages  obtained  by  this  method  are  so  small, 
and  the  element  of  error  proportionately  so  great,  that  the  indi- 
cations are  not  particularly  favorable  to  its  use  with  soils  of  the 
character  to  which  it  was  hoped  the  test  would  apply. 

DETERMINATION  OP  TOTAL  HUMUS. 

The  determination  of  total  humus  could  only  be  expected  to 
throw  light  upon  the  lime  requirement  of  soils  where  marked 
acidity  of  the  soil  exists,  and  while  it  might  even  then  bear  no 
relation  to  the  benefit  to  be  derived  from  liming,  it  was  deemed 
of  interest  to  ascertain  by  actual  tests  what  relation,  if  any,  would 
be  found.  Combined  with  the  tests  to  determine  the  amount  of 
humus  soluble  in  ammonium  hydroxide,  without  pre\nous 
extraction  of  the  soil  with  hydrochloric  acid,  it  was  also  possible 
to  learn  if  there  appeared  to  be  any  relation  between  the  gain 
from  liming  and  the  percentage  of  the  total  humus,  which  was 
directly  soluble  in  ammonium  hydroxide. 

The  method  employed  was  essentially  that  of  Grandeau  as 
modified  by  Huston  and  McBride.*  Twenty  grams  of  soil  were 
first  extracted  with  hydrochloric  acid  as  proposed  by  Hilgard* 
with  the  employment  of  an  automatic  washing  apparatus,  until 
no  further  reaction  for  lime  was  obtainable  in  the  wash  solution. 
After  the  removal  of  the  acid  by  successive  washings  with  dis- 
tilled water,  the  material  was  extracted  with  ammonium  hydrox- 
ide, aliquot  portions  of  the  extract  evaporated  to  dryness,  incin- 
erated, the  ash  deducted  and  the  humus  thus  obtained  by  differ- 
ence.    The  relation  between  the  results  obtained  and  the  data 

1  Wiley's  "  Principles  and  Practice  of  Agricultural  Analysis,"  Vol.  I,  327,  328. 
^  Ibid.,  p.  325. 
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secured  in  actual  experiments  with  lime  upon  several  soils  will 
be  discussed  later. 

DETERMINATION  OF  THE  AMOUNT  OF   LIME  REMOVABLE  BY 

HYDROCHLORIC  ACID. 

In  soils  containing  some  calcium  carbonate,  a  number  of 
methods  have  been  proposed  for  arriving  at  their  probable  need 
of  lime.  Among  others,  Mondesir'  gives  a  method  by  which  he 
proposes  to  ascertain  the  active  calcium  carbonate  in  soils,  since, 
as  he  says,  soils  may  contain  considerable  of  this  substance,  per- 
haps so  surrounded  by  particles  of  clay  that  for  practical  purposes 
it  is  of  little  or  no  use,  and  nevertheless  stand  in  need  of  lime. 
In  our  own  soils  which  have  been  shown  to  contain  practically 
no  calcium  carbonate,  it  must  be  evident  that  such  methods  can 
be  of  no  avail.  If  the  need  of  lime,  in  soils  of  the  character  unde): 
consideration,  is  determinable  by  the  quantity  of  lime  present, 
regardless  of  its  form,  then  extraction  with  a  strong  mineral  acid 
ought  to  serve  as  a  fair  basis  for  arriving  at  the  lime  requirement 
of  the  soil.  Various  methods  of  treatment,  with  different  kinds, 
strengths,  and  volumes  of  acids  have  been  proposed.  For  the 
purpose  in  hand  the  method'  of  the  Association  of  Official  Agri- 
cultural Chemists  of  the  United  States  was  followed,  the  diges- 
tion of  the  soil  (lo  grams)  having  been  carried  on  for  ten  hours 
with  loo  cc.  hydrochloric  acid  (1.115  sp.  gr.)  at  the  temperature 
of  boiling  water  with  the  employment  of  a  return  condenser. 
The  data  thus  secured,  with  soils  tested  in  a  practical  way  with 
lime,  in  the  field,  are  given  later  in  tabular  form  in  which  con- 
nection they  will  be  discussed. 

ACIDITY  BY  TITRATION. 

If  means  could  be  devised  for  determining  the  relative  acidity, 
or  the  lime  requirements  of  soils  by  titration,  the  matter  would 
be  rendered  exti;emely  simple  and  the  tests  could  be  made  in 
great  numbers  at  small  expense.  Owing  to  the  extreme  insolu- 
bility of  the  acids,  or  acid  compounds  of  the  soil,  the  titration  of 
a  watery  extract  of  the  soil  could  not  be  expected  to  furnish  any 
very  valuable  data.  In  order  to  obtain,  if  possible,  results  which 
might  indicate  in  some  measure  the  probable  affinity  for  lime 

1  Annalesde  la  Science  Asrron.,  9,  270  (1887). 

s  BnU.  46,  Diy.  of  Chemistry,  U.  S.  Dept.  of  Agriculture,  pp.  39, 40. 
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(the  substance  which  would  usually  be  applied  in  the  neutraliza- 
tion of  soils) ,  a  study  was  made  of  the  action  of  lime-water,  the 
strength  of  the  supernatant  liquid,  after  contact  with  the  soil  for 
some  time,  being  determined  by  titration.     Air-dried  soil  was 
employed  so  as  to  eliminate  any  possible  influence  which  mig^ht 
arise  from  drying  at  higher  temperatures.     Owing  to  the  fact 
that  these  trials  were  only  preliminary,  and  on  account  of  the 
slight  variation  in  the  moisture  of  the  soils  examined  which 
varied  but  little  from  2.25  percent.,  no  correction  has  been 
applied  to  the  results  for  the  moisture  contained  in  the  soil  itself. 
Ten  grams  of  air-dried  soil  were  brought  in  contact  with  50  cc. 
of  lime-water  in  a  small  flask.     The  flask  was  securely  corked 
and  occasionally  agitated.     At  the  end  of  about  twenty  hours 
the  supernatant  liquid  was  passed  rapidly  through  a  dry  filter, 
an  excess  of  hydrochloric  acid  of  known  strength  (3  cc.  neutral- 
izing 36.1  cc.  of  the  lime-water)  added  and  the  amount  of  unneu- 
tralized  acid  determined  by  titration  with  lime-water.     In  this 
way  the  volume  of.  lime-water  neutralized  by  10  grams  of  the 
air-dried  soil  was  indirectly  determined.     With  the  same  soil 
more  lime-water  was  required,  without  exception,  where  it  had 
remained  unlimed,  than  where  lime  had  been  applied.     In  the 
comparison  of  two  unlimed  soils  manured  alike  excepting  that 
one  had  received  its  nitrogen  for  several  years  in  sodium  nitrate 
and  the  other  in  ammonium  sulphate,   the  differences  in  the 
amounts  of  lime-water  neutralized  were  not  always  in  harmony 
with,  nor  were  they  marked  enough  to  accord  at  all  with  the 
experience  obtained    in    tests  of    the  soils    made  by    plants 
themselves.     In  a  comparison  of  limed  and  unlimed  soils  it  was 
found  that  by  employing  a  greater  amount  of  lime-water  (75  cc.) 
greater  differences  were  obtained  than  by  the  use  of  but  50  cc. 
Possibly  the  use  of  even  a  somewhat  greater  amount  would  have 
given  even  better  comparative  results.     Trials  were  also  made, 
employing  hydrochloric  acid  twenty  times  as  dilute  as  that  first 
tried.     Coralline  was  used  as  an  indicator,  and  though  far  from 
satisfactory  in  some  respects,  it  was  the  only  one  tried  which 
proved  at  all  effective. 

The  preliminary  trials  not  having  indicated  any  particular 
general  value  of  such  a  method,  a  trial  of  ammonium  hydroxide 
was  next  made. 
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TITRATION  TESTS  BY  MEANS  OF  AMMONIUM  HYDROXIDE. 

A  number  of  preliminary  tests  gave  indications  that  the  use  of 
ammonium  hydroxide  in  place  of  lime-water,  was  capable  of  giv- 
ing results  more  nearly  in  accord  with  those  obtained  by  plant 
tests.  The  method  finally  used  was  as  follows  :  Fifteen  grams 
of  air-dried  soil  were  placed  in  a  glass  flask  and  100  cc.  of  about 
TT  ammonium  hydroxide  and  100  cc.  of  distilled  water  added. 
This  was  allowed  to  stand  at  the  ordinary  temperature  of  the 
laboratory  for  about  forty-two  hours,  with  frequent  agitation 
during  the  earlier  portion  of  the  time.  After  it  had  finally  been 
allowed  to  settle,  a  definite  amount  of  the  supernatant  liquid  was 
treated  with  hydrochloric  acid  (about  ?)  at  the  rate  of  five  cc. 
for  each  20  cc.  of  the  liquid,  and  made  up  to  a  given  volume. 
After  the  precipitated  humus  had  subsided,  aliquot  portions  of 
the  solution  (50  cc.)  were  titrated  with  ammonium  hydrox- 
ide, using  coralline  as  an  indicator.  Since  by  this  treatment 
some  portion  of  the  organic  acids  may  be  dissolved  by  the  ammo- 
nia, the  method  cannot  give  an  absolute  idea  of  the  acidity  of  a 
soil.  On  the  other  hand,  a  method  which  determines  the  humus 
immediately  soluble  in  ammonium  hydroxide  before  extraction 
wth  hydrochloric  or  other  strong  acid,  gives  no  indication  of  the 
acidity  represented  by  acid  inorganic  compounds.  Possibly  if 
the  amount  of  humus  soluble  in  ammonium  hydroxide  were 
determined,  and  likewise  the  amount  of  ammonia  held  at  the 
same  time  in  combination  by  the  insoluble  residue,  the  combined 
data  might  furnish  abetter  guide  than  either  one  alone.  Unfor- 
tunately theoccasional  opportunities  available  for  conducting  such 
investigations  have  not* yet  permitted  a  study  of  this  question. 

In  order  to  ascertain  what  efifect  a  variation  in  the  strength 
and  volume  of  the  ammonium  hydroxide  and  the  volume  of  soil 
might  have,  a  given*  soil  was  tested  in  various  ways.  \ 

(i)  Twenty  grams  of  soil  were  treated  with  100  cc.  of  ammo- 
nium hydroxide  diluted  with  a  like  quantity  of  water. 

(2)  Twenty  grams  of  soil  were  treated  with  50  cc.  of  ammo- 
nium hydroxide  diluted  with  150  cc.  of  water. 

1  Berthelot  and  Andr6  (Ann.chim.pkys.,  7th  Series,  x,  386  (1894)}  in  operating:  upon 
organic  residues  from  soils  treated  with  hydrofluoric  acid,  state  that  the  amount  of  po- 
tassium oxide  held  by  the  organic  matter  varied  with  the  strength  of  the  potassium  hy- 
droxide with  which  it  was  treated. 
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(3)  Twenty  grams  of  soil  were  treated  with  200  cc.  of  ammo- 
nium hydroxide. 

(4)  Twenty  grams  of  soil  were  treated  with  150  cc.  of  ammo- 
nium hydroxide. 

(5)  Fifteen  grams  of  soil  were  treated  with  I'X)  cc.  of  ammo- 
nium hydroxide. 

The  following  were  the  amounts  of  ammonium  hydroxide 
retained  in  combination  by  the  soil  calculated  in  each  case  to  10 
grams  of  substance. 

Ammonium  hydroxide, 
cc. 

(l) 14.3 

(2) ". 11. 1 

(3) 13.5 

(4) 14.0 

(5) 137 

It  will  be  seen  from  a  careful  examination  of  the  data  that 
they  give  some  indication  that  only  the  weakest  solution  materially 
affected  the  results. 

The  trials  of  a  number  of  Rhode  Island  soils  by  this  method 
as  described  on  page  170  are  given  in  a  subsequent  table  where 
the  data  may  be  compared  with  those  obtained  by  other  chemical 
methods  and  with  the  actual  gains  in  yield  of  beets,  obtained  by 
the  employment  of  lime. 

METHOD  FOR  DETERMINING  THE  LIME  REQUIREMENT  OF  SOII.S 
BY  COMPARING,  UNDER  IDENTICAI,  CONDITIONS,  THE  COI*OR 
OF  AN  AMMONIUM  HYDROXIDE  EXTRACT  OF  SOILS  OP 
UNKNOWN  CHARACTER  WITH   ONE   OF  KNOWN  CHARACTER. 

The  method  employed  was  to  treat  in  a  warm  room  like 
amounts  of  soil  with  like  volumes  of  ammonium  hydroxide 
(containing  about  2.4  per  cent,  of  ammonia)  for  two  days  with 
occasional  agitation.  The  small  amount  of  water  contained  in 
the  air-dried  soil  itself  has  been  shown  to  exert  no  appreciable 
effect  upon  the  result  so  that  for  approximate  comparisons, 
drying  a  portion  of  the  soil  at  a  high  temperature  and 
making  allowances  for  the  water  in  the  soil,  is  unnecessary. 
The  colors  of  the  solutions  are  finally  compared  and  if  darker 
than  the  standard,  they  are  diluted  with  water  to  match  it,  or  if 
lighter  in  color  some  of  the  standard  solution  prepared  from  the 
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soil  of  known  character,  is  similarly  diluted  until  it  matches  the 
one  with  which  the  comparison  is  being  made.  The  amount  of 
dilution  in  either  case  measures  the  excess  or  deficiency  of  color 
as  compared  with  the  standard.  It  was  thought  that  certain 
weighable  mattCTis  might  be  extracted  by  ammonium  hydroxide 
from  unhumified  plant  residues  which  might  not  color  the  solution 
to  the  same  extent  as  the  matter  which  is  actually  humified,  tn 
such  a  case,  this  method  might  perhaps  give  better  indications 
than  that  as  employed  by  Miintz  (see  page  155).  The  possible 
variation  in  color  of  the  individual  ingredients  of  the  complex, 
which  is  classed  as  humus,  may  in  some  cases  seriously  interfere 
with  the  use  of  the  method. 

The  rapidity  with  which  a  large  number  of  comparative 
determinations  can  be  made  after  the  material  has  settled,  is  a 
strong  point  in  its  favor  as  compared  with  the  method  of  Miintz. 
The  results  obtained  by  both  methods  may  be  compared  below 
in  connection  with  those  obtained  in  actual  plant  tests  upon 
limed  and  unlimed  soil. 

ATTEMPTS  TO  DETERMINE  THE  LIME  REQUIREMENT  OP  SOILS 
BY  MEASURING  THE  CARBON  DIOXIDE  EXPELLED  UPON 
HEATING  A  GIVEN  QUANTITY  OF  SOIL,  IN  THE  PRESENCE 
OF  WATER,  WITH  CALCIUM  CARBONATE  OR  WITH  SODIUM 
CARBONATE. 

This  work  was  begun  in  April  1895,  at  which  time  Tacke*s 
method  of  treating  peat  soils  at  ordinary  temperatures  with 
calcium  carbonate,  had  not  been  published.  No  notice  of 
similar  attempts  to  arrive  at  the  lime  requirement  of  soils  having 
been  found,  the  line  of  work  was  apparently  wholly  new  and  had 
to  be  conducted  without  the  aid  of  any  previous  experience. 

The  first  soil  selected  for  this  work  was  from  the  permanent 
experimental  plot  No.  23,  which  had  been  manured  annually 
beginning  with  the  year  1893,  with  the  following  commercial 
materials  ;  viz.^  dissolved  bone-black,  potassium  chloride  and 
ammonium  sulphate.  The  same  arrangement  was  employed  for 
the  absorption  of  the  carbon  dioxide  as  is  customary  in  ordinary 
determinations  of  carbon.  As  a  preliminary  trial  40  grams  of 
soil,  containing  24  per  cent,  of  water  capable  of  being  driven 
off  at  100°  C,  were  placed  in  a  Wolff  flask  and  heated,  in  the 
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presence  of  water,  with  4  grams  of  calcium  carbonate.  On 
account  of  the  rapid  evolution  of  carbon  dio3dde,  the  heating  had 
to  be  conducted  with  the  utmost  care,  as  the  boiling-point  was 
approached,  in  order  that  the  gas  might  be  entirely  absorbed. 

A  blank  test  with  a  definite  amount  of  water  and  80  grams  of 
the  soil  (passed  through  a  sieve  containing  holes  ^  of  an  inch 
in  diameter)  gave  0.0124  gram  of  carbon  dioxide.  A  blank  test 
with  the  water  and  8  grams  of  calcium  carbonate  yielded  0.002 
gram  of  carbon  dioxide.  Assuming  that  no  carbon  dioxide  came 
from  the  calcium  carbonate,  80  grams  of  the  soil  must  have 
yielded  upon  heating  in  the  manner  described  but  (0.0124-0.002) 
0.0104  gram  of  carbon  dioxide. 

Eighty  grams  of  soil  were  heated  with  the  same  amount  of 
water  and  calcium  carbonate,  and  kept  at  the  boiling-point  until 
the  evolution  of  gas  seemed  to  have  become  practically  constant 
and  but  very  limited  in  amount.  The  carbon  dioxide  yielded, 
amounted  to  0.338  gram.  Assuming  again  that  the  entire  blank 
from  the  water  and  calcium  carbonate  was  due  to  the  water  and 
deducting  therefore  the  blank  of  0.0124  gram,  it  is  seen  that  the 
amount  of  carbon  dioxide  found  to  have  been  liberated  as  a 
result  of  the  action  of  the  calcium  carbonate  upon  the  80  grams 
of  soil,  was  0.3256  gram.  Owing  to  rapid  evolution  of  gas 
on  approaching  the  boiling-point,  which  necessitated  the  fre- 
quent removal  of  the  lamp,  it  was  feared  that  some  carbon 
dioxide  must  have  passed  through  the  entire  apparatus. 

A  subsequent  test  with  40  grams  of  soil  and  8  grams  of  calcium 
carbonate  was  then  made.  Deducting  a  blank  of  0.0052  gram 
for  the  soil  and  0.002  gram  for  the  water  an,d  calcium  carbonate, 
the  amount  of  carbon  dioxide  expelled  by  the  soil  was  found  to 
be  0.1762  gram.  This  corresponds  to  0.3524  gram  for  80 
grams  of  soil  as  compared  with  0.3256  gram  in  the  first  test,  but 
in  the  last  test  great  care  was  exercised  that  no  carbon  dioxide 
should  be  lost. 

A  third  test  with  40  grams  of  soil  and  4  grams  of  calcium 
carbonate  yielded  0.178  gram  of  carbon  dioxide.  Deducting,  as 
above,  a  blank  of  0.0072,  the  amount  of  carbon  dioxide  found  to 
Ijiave  been  liberated  by  the  soil  was  equivalent  to  0.3416  gram 
for  80  grams  of  soil. 

In  order  to  ascertain  if  differences  between  soils  corresponding 
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to  tbose  shown  by  the  growth  of  plants  could  be  detected,  a  soil 

(from  permanent  Plot  No.  27)   was  selected  which  had  been 

manured  the  same  as  the  other  excepting  that  it  had  received  its 

nitrogen  in  sodium  nitrate  instead  of  in  ammonium  sulphate.     A 

blank  test  with  40  grams  of  soil  and  with  the  usual  amount  of 

water  yielded  0.015  gram  of  carbon  dioxide.     A  test  with  40 

gprams  of  soil  gave,  after  deduction  of  the  blank  just  mentioned, 

0.1402  gram  of  carbon  dioxide  or  the  equivalent  of  0.2804  gram 

for  80  grams  of  soil,  or  much  less  than  was  shown  by  the  soil 

first  tested.     This  accorded  with  the  results  secured  in  plant 

tests  and   indicated   much  greater  acidity  where  nitrogen   in 

ammonium  sulphate  had  been  employed  than  where  nitrogen  in 

sodium  nitrate  was  used,  or  where  a  basic  instead  of  an  acid 

residue  had  been  left  in  the  soil.     In  all  of  the  tests  thus  far 

made,  the  operation  was  stopped  after  the  chief  evolution  of  gas 

was  apparently  over  and  when  only  a  constant  and  very  slight 

evolution  was  still  noticeable. 

To  ascertaip  the  effect  of  longer  heating,  40  grams  of  soil  and 
4  grams  of  calcium  carbonate  were  treated  for  a  much  longer 
time  than  heretofore.  The  amount  of  calcium  oxide  eliminated, 
allowing  for  the  blank  of  0.015  gram  was  equivalent  for  80 
g^ams  of  soil  to  0.3126  gram  as  compared  with  0.2804  gram 
where  the  period  of  heating  was  less  prolonged.  Another  test 
was  made  under  the  same  conditions,  continuing  the  heating  for 
about  the  same  period  as  in  the  preceding  instance.  The  net 
amount  of  carbon  dioxide  driven  off,  per  80  grams  of  soil, 
amounted  to  0.322  gram.  The  same  material  brought  to  boiling 
once  more  and  heated  for  some  time  yielded,  per  80  grams  of 
soil,  0.032  gram  of  additional  carbon  dioxide.  Brought  to  boil- 
ing and  heated  for  a  third  time  the  further  loss  for  the  same 
amount  of  soil  was  equivalent  to  0.0256  gram.  Prom  these  tests  it 
appeared  probable  that  beyond  a  certain  point  the  attack  upon  the 
calcium  carbonate  became  very  limited  or  that  a  gradual  oxida- 
tion or  else  a  splitting  up  of  the  organic  matter  was  taking  place. 
To  asc^rtaia  if  this  world  go  on  at  an  appreciable  rate  at  ordinary 
temperatures,  a  current  of  air  was  next  passed  for  two  and  one- 
half  hours  over  the  material  which  had  been  thus  successively 
heated.  As  a  resuk  it  was  found  that  no  weighable  amount  of 
carbon    dioxide    had  been    eliminated.     Further    heating,    as 
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before,  resulted  in  a  still  further  elimination  of  carbon  dioxide 
and  an  increase  in  the  weight  of  the  absorption  tubes.     From' 
this  it  was  evident  that  there  was  apparently  no  reasonable  time 
limit  within  which  the  elimination  of  carbon  dioxide  would  be 
ended,  and  hence  to  obtain  satisfactory  comparative  tests  -with 
different  soils,  the  period  of  treatment,  temperature,  and  other 
conditions  must   all   be    kept    as    uniform    as    possible.     One 
apparent  drawback  to    the    method  as  it  was  used,   was  the 
necessity  of  conducting  the  heating  so  cautiously,  and  in  con- 
sequence, for  so  long  a  time,  in  order  that  the  carbon  dioxide 
might  all  surely  be  absorbed,  for  b}'  doing  so  the  opportunity  for 
the  gradual  breaking  up  of  the  organic  matter  was  much  increased. 
To  overcome  this  objection,  in  a  measure,  the  use  of  soda-lime 
was  resorted  to  as  an  absorbent  for  carbon  dioxide.     By  this 
means,  less  care  was  required  to  insure  the  absorption  of  the  gas 
and  the  period  of  heating  could  be  materially  reduced.     Never- 
theless the  method  was  still  unsatisfactory,  and  in  consequence, 
it  was  proposed  to  operate  so  as  to  subject  the  material  to  the 
action  of  heat  a  minimum  length  of  time  and  either  measure  the 
volume  of  the  carbon  dioxide  disengaged  or  to  determine  it 
indirectly  by  titration' with  the  employment  of  barium  hydroxide, 
or  by  estimating  the  amount  of  carbonate  formed  from  it  and  so 
indirectly  the  carbon  dioxide.     Preliminary  to  this  work  it  was 
thought  wise  to  ascertain  if  possible  the  minimum  time  that  it 
was  necessary  to  heat  the  calcium  carbonate  and  soil,  in  the 
presence  of  water,  to  insure  that  all  of  the  humus  had  united 
with  calcium  oxide.     It  is  well  known  that  in  many  cases  where 
soil    contains    naturally   considerable   quantities  of    lime   and 
magnesia,  ammonium  hydroxide  extracts  practically  no  humus 
until  the  lime  and  magnesia  have  first  been  removed  by  acids. 
Such  has  been  found  to  be  the  case  in  soil  from  New  Mexico  and. 
with  certain  soils  from  Massachusetts  and  Rhode  Island,  which 
had  been  treated  successively  with  calcium  carbonate.     The  idea 
therefore  suggested  itself  that  by  heating  a  number  of  soils  with 
calcium  carbonate  and  water  for  varying  intervals  of  time,  and 
subsequently  testing  the  residues  with  ammonium  hydroxide, 
it  could  be  ascertained  how  long  it  was  necessary  to  continue 
the  heating  in  order  to  get  practically  all  of  the  humus  into  an 
insoluble  combination  with  lime.     It  was  thought  that  this  time 
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might  be  safely  taken  as  the  limit  for  continuing  the  heating 
and  that  the  amount  of  carbon  dioxide  thus  disengaged  would 
serve  as  a  suitable  measure  of  the  lime  requirement  of  soils.  It 
was  also  proposed  to  test  the  method  with  soils  which  do  not 
react  acid,  in  order  that  further  light  might  be  thrown  upon  the 
probable  applicability  of  such  a  method  to  the  purpose  in  hand. 
Unfortunately,  routine  work  has  prevented  the  further  carrying 
on  of  this  investigation.  It  is  a  question  of  too  great  scientific 
and  practical  interest  to  be  laid  aside  at  this  point,  and  it  is 
hoped  that  opportunity  for  further  pursuit  of  the  question  will  be 
afforded  in  the  near  future. 

COMPARISON  OF  THE  GAIN  IN  BEETS,  RESULTING  FROM  THE 
USE  OF  LIME,  WITH  THE  DETERMINATION  OF  THE  LIME 
REQUIREMENT  OF  SOILS  MADE  BY  VARIOUS  CHEMICAL 
METHODS. 

The  following  table  shows  the  amounts  of  beets  produced  upon 
limed  and  unlimed  soil  in  different  sections  of  Rhode  Island. 
Hach  plot  was  manured  alike  with  commercial  nitrate  of  soda, 
muriate  of  potash  and  dissolved  bone-black.  The  table  gives 
the  percentage  gain  from  liming,  also  the  amount  of  humus 
immediately  soluble  in  ammonium  hydroxide,  the  percentage  of 
*•  total"  humus,  the  amount  of  calcium  oxide  removable  by 
extracting  with  strong  mineral  acid,  the  number  of  milligrams 
of  nitrogen  in  the  ammonia  held  in  combination  by  10  grams  of 
soil,  the  comparative  dilution  of  the  ammonium  hydroxide 
extract  of  a  soil  of  known  character  to  give  a  degree  of  coloration 
corresponding  to  that  exhibited  by  the  extracts  from  the  different 
soils  tested,  the  amount  of  calcium  oxide  removable  by  carbonated 
water  and  the  percentage  of  material  in  the  respective  soils  which 
was  so  coarse  as  not  to  pass  a  sieve  with  openings  ^V  ^^  ^^  ^^^^ 
in  diameter.  Only  such  material  as  passed  circular  openings  of 
this  size,  was  employed  in  the  various  tests. 

The  analytical  data  in  the  table  were  obtained  with  soil  pass- 
ing a  sieve  with  hole  ^  of  an  inch  in  diameter.  The  results  are 
calculated  to  dry  soil. 
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It  will  be  seen  that  in  the  foregoing  table  the  Warren  soil 
which  was  least  helped  by  lime,  is  placed  at  the  top,  the  others 
being  arranged  in  the  order  of  the  benefit  noted,  from  top  to 
bottom,  with  the  Slocumville  soil,  representing  a  gain  of  10,080 
per  cent,  as  a  result  of  liming,  placed  at  the  foot  of  the  list. 

Comparing  the  percentages  of  material  extracted  immediately 
by  treatment  with  ammonium  hydroxide,  with  the  gains  from 
liming,  it  will  be  seen  that  there  is  no  regular  correspondence. 
The  tests  show  a  successive  decrease  in  the  first  three  soils  while 
the  crop  increased.  The  Niantic  soil  shows  a  similar  decrease. 
Of  these  soils,  those  at  Niantic  and  Jamestown  were  exceedingly 
sandy,  while  those  at  Harrisville  and  Summit  were  quite 
gravelly.  The  result  with  the  Warren  soil  was  unexpectedly 
high.  In  the  case  of  the  balance  of  the  **  heavier"  or  more 
compact  soils,  a  successive  increase  in  humus  immediately 
soluble  in  ammonium  hydroxide  was  noticed,  corresponding 
well,  with  the  exception  of  the  Slocumville  soil,  with  the  crop 
results.  In  fact  this  was  the  only  method  tried  which  indicated 
differences  between  the  So.  Portsmouth  and  Hamilton  soils 
corresponding  with  those  afforded  by  the  crops.  It  will  be  noted 
that  the  Slocumville  soil  showed  more  benefit  from  liming  than 
that  at  Kingston,  though  the  latter  gave  a  higher  test  by  this 
method  than  the  Slocumville  soil.  For  the  heavier  classes  of 
soils  containing  naturally  considerable  quantities  of  humus,  this 
method  gives  much  promise  of  usefulness.  In  the  case  of  the 
more  silicious  soils  containing  but  moderate  amounts  of  humus, 
the  method  may  perhaps  indicate  with  considerable  truthfulness 
the  relative  lime  requirements  within  the  particular  class,  but 
when  it  comes  to  comparisons  of  individuals  of  the  one  class  with 
those  of  the  other,  it  is  possible  that  it  fails  to  indicate  the  truth 
with  sufficient  accuracy  on  account  of  a  considerable  amount  of 
the  acidity  being  due  more  to  inorganic,  than  to  organic  matter. 

In  support  of  this,  it  may  be  cited  that  many  of  our  subsoils, 
which  contain  only  minimum  quantities  of  organic  matter,  are 
decidedly  acid,  indicating  the  presence  of  acid  silicates,  or  other 
acid  inorganic  compounds.  Mondesir*  found  that  upon  the 
destruction  of  all  of  the  organic  matter  in  a  soil  by  means  of 
'^permanganate"  at  a  temperature  below  100°  C,  or  by  combus- 

l  Campt.  rend.t  115,  3x7,  August  (1892). 
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tion  at  dull  red  heat,  and  after  subsequent  treatment  at  ordinary 
temperature  with  very  dilute  hydrochloric  or  nitric  acid, 
followed  by  complete  removal  of  these  by  washing  with  distilled 
water  and  subsequent  heating  for  several  hours  at  from  160**  to 
170**  C,  the  soil  residue  was  still  acid.  It  decomposed  calcium 
carbonate  to  some  extent  at  ordinary  temperature,  and  still 
further  upon  heating  with  water  to  the  boiling-point. 

It  is  of  interest  to  note  that  in  the  case  of  the  Slocumville  soil, 
where  beets  almost  absolutely  refuse  to  grow  without  the  aid  of 
lime,  only  27.76  per  cent,  of  the  total  humus  was  immediately 
soluble  in  ammonium  hydroxide,  and  in  the  Kingston  soil  which 
stood  second  in  its  degree  of  benefit  from  liming,  but  38.64  per 
cent,  was  soluble  or  much  less  than  in  many  of  the  soils  where 
lime  proved  far  less  beneficial.  The  percentage  of  the  total  hu- 
mus which  is  thus  dissolved  is  not  then  in  any  sense  a  true  meas- 
ure of  the  lime  requirement,  though  the  absolute  amounts  of 
humus  thus  dissolved,  have  seemed,  particularly  in  our  quite 
heavy  soils  containing  considerable  total  humus,  to  correspond 
with  considerable  accuracy  to  the  tests  with  beets. 

Though  there  seems  to  be  no  reason  to  think  that  there  would 
be  any  relation  between  the  lime  requirement  of  soils  and  their 
total  humus  on  soils  of  widely  divergent  character,  yet  upon  soils 
of  analogous  mineral  origin,  it  seemed  probable  that  some  such 
relation  might  exist.  The  results  obtained  when  plotted  in  a 
curve,  show,  with  a  few  exceptions,  the  same  general  trend  as 
those  obtained  by  direct  extraction  with  ammonium  hydroxide. 
In  the  case  of  the  Jamestown  and  Harrisville  soils  the  total 
humus  was  higher  in  the  former  while  the  amount  of  humus 
immediately  extracted,  was  greater  in  the  latter.  In  the  Hamil- 
ton soil,  the  total  humus  runs  too  low  to  accord  with  the  crop 
test,  while  the  amount  of  humus  immediately  soluble  in  ammonium 
hydroxide  is  greater  in  the  case  of  that  soil  than  in  the  one  at 
So.  Portsmouth,  or  in  agreement  with  the  results  secured  with 
beets.  In  regard  to  the  Kingston  and  Slocumville  soils,  the 
total  humus  is  slightly  less  in  the  latter  than  in  the  former,  but 
the  results  come  far  nearer  agreeing  with  the  crop  test,  than 
those  obtained  by  immediate  extraction  of  the  humus. 

In  the  case  of  the  determination  of  the  lime  (calcium  oxide) 
removable  from  the  soil  by  digestion  with  hydrochloric  acid,  the 
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results  are  of  marked  ititerest, ,  since  they  show  in  the  most 

striking  manner  that  the  data  thus  secured  with   our  Rhode 

Island  soils  furnished  no  reliable  guide  to  their  lime  requirements. 

As  marked  illustrations,  it  will  be  seen  that  the  Foster  Center 

soil  which  contained  0.558  per  cent,  of  calcium  oxide,  or  the 

greatest  quantity  of  any  of  the  soils  examined,  gave  a  gain  in 

crop  of  291.8  per  cent,  as  compared  with  a  gain  from  liming  of 

only  21   per  cent,  in  the  Warren  soil,  which  yielded  only  0.382 

per  cent,  of  calcium  oxide  upon  extraction  with  hydrochloric 

acid.     Again  the  Slocumville  soil  showed  by  extraction  with  the 

mineral  acid  0.553  P^^^  cent,  of  calcium  oxide,  or  but  0.005  P^r 

cent,  less  than  the  Foster  Center  soil,  and  yet  it  was  benefited 

by  lime  more  than  any  other  soil  tested  giving  a  gain  from  its  use. 

amounting  to  10,080  per  cent.     The  third  highest  content  of 

calcium   oxide  as  determined  by  extraction  with  hydrochloric 

acid  was  shown  by  the  Kingston  soil,  which  yielded  0.412  per 

cent. ,  and  j'et  the  only  soil  which  showed  a  greater  benefit  from 

liming  was  that  at  Slocumville  where  the  percentage  of  calcium 

oxide  was  even  much  higher  than  at  Kingston.     These  examples 

are  sufficient  to  show  that  even  if  by  this  method  of  analysis 

considerable  lime,  even  amounting  to  more  than  0.5  per  cent.,  is 

shown  to  be  present,  it  may  nevertheless  be  in  such  combinations 

that  the  soil  will  almost  absolutely  refuse  to  produce  certain 

crops  until  subjected  to  liming  or  other  alkaline  treatment. 

The  number  of  milligrams  of  nitrogen  represented  by  the 
ammonia  retained  by  the  soil,  as  determined  by  the  method  of 
titration,  accords  better  with  the  crop  results  in  the  case  of  the 
Jamestown  and  Harrisville  soils,  than  those  obtained  by 
immediate  extraction  with  ammonium  hydroxide.  With  the 
Hamilton  soil,  the  result  by  the  latter  method  agreed  more 
closely  with  the  crop  tests,  than  those  by  the  former,  while  in 
the  case  of  the  Kingston  and  Slocumville  soils,  the  agreement 
with  the  crop  results  was  more  nearly  perfect  than  those  by  any 
other  method  employed. 

Only  two  tests  were  made  by  treatment  of  the  soil  with 
carbonated  water.  The  soil  which  was  the  more  in  need  of 
liming  showed  by  this  method  a  greater  quantity  of  calcium 
oxide  removable  by  the  treatment  than  the  other,  or  just  the 
reverse  of  what  should  have  been  the  case  if  the  method  were  to 
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prove  of  value  for  the  purpose  in  hand.  This  fact,  together 
with  some  experience  in  the  same  line  in  connection  with  other 
soils,  coupled  with  the  small  quantities  of  calcium  oxide 
removable,  gave  little  reason  to  hope  that  the  method  was 
applicable  for  ascertaining  the  true  lime  requirements  of  our 
acid  Rhode  Island  soils. 

The  tests  by  means  of  the  comparison  of  the  color  of  the 
ammonium  hydroxide  extract  in  the  case  of  the  four  upper  soils 
in  the  table,  viz.,  those  from  Warren,  Summit,  Jamestown,  and 
Harrisville  indicate  a  gradation  in  the  opposite  direction  from 
those  with  beets.  The  amount  of  total  humus  and  the  ammonia 
held  by  the  soil  as  determined  by  the  method  of  titration,  agree, 
in  the  case  of  these  soils,  more  nearly  with  the  crop  results. 
The  results  with  the  Foster  Center  and  South  Portsmouth  soils, 
though  not  showing  relative  differences  in  the  line  of  those 
exhibited  by  the  crop,  point,  when  compared  with  the  first  four 
soils  in  the  series,  in  the  same  general  way  in  relation  to  the 
soil  requirements  as  the  tests  with  beets.  The  results  with  the 
South  Portsmouth  and  Hamilton  soils  fail  to  accord  between 
themselves  with  the  beet  test,  though  the  result  with  the  latter 
soil,  when  compared  with  the  first  four  of  the  series,  points  in 
the  right  general  direction.  Making  a  general  comparison  of 
the  data  secured  with  the  Kingston  and  Slocumville  soils  with 
those  in  connection  with  the  soils  standing  above  them  in  the 
table,  the  tests  point  to  the  truth  as  concerns  the  needs  of  the 
soils.  Between  themselves  the  tests  would  indicate  a  slightly 
greater  need  of  lime  in  the  Kingston  soil  than  in  the  Slocumville 
soil,  or  just  the  opposite  of  the  actual  experience. 

I  a  closing  this  consideration  of  these  results,  it  should  be  stated 
that  it  was  recognized  at  the  outstart  that  unfavorable  physical 
conditions  might  exert  a  very  disturbing  influence,  and  that  in 
consequence  a  method  which  takes  into  account  only  chemical 
defects  could  not  be  expected  to  agree  in  all  cases  with  the  crop 
results.  It  was  hoped,  however,  to  combine  physical  analyses 
of  the  soil  with  the  chemical,  with  the  idea  that  possibly  by  a 
study  of  both,  one  might  be  helped  very  materially  in  arriving 
at  a  more  correct  judgment  than  by  the  use  of  either  one  singly. 
The  resources  at  disposal  have  not  as  yet  made  it  possible  for 
these  determinations  to  be  made.     There  seemed  no  reason  to 


LIMB  REQUIREMBNT  OP  SOILS.  1 75 

conclude  that  a  physical  analysis  of  the  soils  only,  could  come  as 
near  revealing  their  lime  requirements  as  chemical  tests, 
particularly  as  it  iiad  already  been  abundantly  demonstrated* 
that  the  beneficial  action  of  lime  upon  our  soils  is,  in  a  large 
degree,  due  to  its  correcting  their  prevailing  acidity. 

SUMMARY. 

In  consequence  of  the  recognition  of  the  acidity  of  many  of  the 
upland  soils  of  Rhode  Island  and  their  consequent  need  of  lime, 
it  seemed  desirable  to  find  some  chemical  means  for  satisfactorily 
revealing  their  lime  requirements,  so  as  to  avoid  resortipg  to  the 
slower  and  more  expensive  field  experiments. 

A  number  of  methods  have  been  tried,  as  follows : 

(i)  Moistening  the  soil  with  water,  then  bringing  it  in  con- 
tact with  blue  litmus  paper  and  noting  with  what  rapidity  and 
to  what  extent  it  reddens  the  paper  as  compared  with  some  soil 
whose  character  is  already  well  known.  This  method  is  highly 
effective  in  the  hands  of  a  close  observer  who  has  had  much 
experience  in  testing  soils  of  known  character. 

(2)  Treatment  of  the  soil  with  water  to  which  a  little 
ammonium  hydroxide  (ammonia  water)  has  been  added  and 
noting  whether,  after  settling,  the  liquid  has  assumed  a  dark 
brown  or  black  appearance.  This  test  applies  only  where  the 
acidity  is  due  in  a  considerable  measure  to  acid  organic 
substances.  It  may  not  apply  in  all  sections  of  the  country,  as 
shown  by  Snyder,  in  Minnesota,  but  it  has  thus  far  proved  a 
very  useful  and  reliable  test  with  Rhode  Island  and  certain  other 
New  England  and  New  York  soils  containing  considerable 
quantities  of  humus.  Gravimetrically  applied  this  is  the  method 
of  Miintz. 

(3)  The  method  employed  by  Holleman  for  determining  the 
lime  requirement  of  stifiF  clay  soils  in  Holland,  based  upon  the 

amount  of  lime   (calcium  oxide)  removable  by  extracting  with 

carbonated  water.     This  method  has  given  little  promise  of  use- 

iulness  in  testing  our  upland  acid  soils. 
U)  The  method  of  Tacke  for  determining  the  relative  acidity 

oi  peat  (moor)  soils  of  North  Germany  based  upon  the  amount 

oi  carbon  dioxide  which  the  acid  ingredients  of  the  soil  can  expel 

^  Eigbth  Annuftl  Report,  Rhode  Island  Agrricultural  Experiment  Station,  pp.  asa-aSo 
y^)\  tlioKmth  Annual  Report,  pp.  394-318  (1896). 
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from  calcium  carbonate  at  ordinary  temperatures  in  an  atmos- 
phere of  hydrogen.  This  method  has  not  seemed  to  be  applicable 
to  our  acid  upland  soils. 

(5)  The  determination  of  the  total  humus  by  a  modification  of 
the  Grandeau  method,  which  consists  in  removing  the  lime  and 
magnesia  from  their  combinations  with  the  humus  by  treatment 
with  dilute  hydrochloric  acid,  and  then  dissolving  the  humus  in 
ammonium  hydroxide  (ammonia  water)  and  estimating  the 
amount  dissolved.  In  our  granitic  soils  containing  considerable 
quantities  of  humus,  this  method  gives  results  standing  in  some- 
what definite  relation  to  the  lime  requirements. 

(6)  Determinations  of  the  amount  of  lime  (calcium  oxide) 
which  can  be  dissolved  by  weak  hydrochloric  acid  by  digestion 
at  a  high  temperature  for  several  hours  (official  method  of  the 
A.  O.  A.  C).  This  method  furnishes  no  reliable  basis  for 
arriving  at  the  lime  requirement  of  our  acid  upland  soils. 

(7)  Method  by  titration,  based  upon  measuring  the  number  of 
milligrams  of  nitrogen  combined  as  ammonium  salts  and  held  by 
the  soil  when  it  is  treated  in  a  given  way  and  for  a  given  time 
with  a  very  dilute  solution  of  ammonium  hydroxide. 

The  results  by  this  method  agree  more  closely  with  the  crop 
tests  than  by  any  other  method  tried,  though  it  is  closely 
approximated  to,  by  the  gravimetric  determination  of  the  humus 
dissolved  from  the  soil  by  extraction  with  ammonium  hydroxide 
without  the  previous  removal  of  the  lime  and  magnesia. 

(8)  Method  based  upon  the  comparison  of  the  color  of  the 
extract  made  from  soils  by  treating  directly  with  ammonia  water, 
with  the  color  of  such  an  extract  prepared  from  a  like  quantity 
of  soil  of  known  character.  It  seems  probable  that  where  the 
acidity  is  due  largely  to  acid  organic  substances,  this  method 
may  give  fairly  good  results.  The  rapidity  with  which  tests 
may  be  made  by  it  is  an  important  practical  point  in  its  favor  as 
compared  with  the  method  as  proposed  by  Mtintz. 

(9)  Method  based  upon  the  amount  of  carbon  dioxide  expelled 
by  a  given  amount  of  soil  from  calcium  carbonate  when  the  two 
are  heated  together  at  the  boiling-point  in  the  presence  of  water. 
This  method  gives  promise  of  much  value  if  the  period  of  heat- 
ing is  made  uniform  and  very  brief,  and  if  the  carbon  dioxide 
liberated  is  easily  and  accurately  determined.     Routine  work 
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has  thus  far  prevented  further  attempts  to  carry  out  a  satisfactory 
study  of  this  method  including  the  perfection  of  its  details. 

Laboratory  of  thb  Rhode  Island 
agricultural  expkrxmbxt  station. 
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Analysis  of  White  Paints.  A  Collection  of  Notes  on  the  Chemical 
Analysis  of  White  and  Tinted  Paints.  By  Georgb  H.  Ellis,  B.Sc. 
BTanston,  Ills. :  The  Technical  Press.    8vo.     pp.  57. 

The  notes  under  review  were  originally  published  in  the  Painty 
Oil  and  Drug  Review^  of  Chicago,  and  were  prepared  and  edited 
by  one  who  has  had  long  practical  experience  in  the  technical 
examination  of  the  products  treated.  They  consist  really  of  a 
collection  of  methods  for  analysis  of  paints  and  pigments  long 
used  by  the  author  in  his  daily  practice  largely  devoted  to  the 
products  of  the  paint  industry,  and  as  the  methods  have  been 
thoroughly  tested  and  are  described  in  the  fullest  detail  they  will 
be  particularly  useful  to  those  chemists  whose  work  has  given 
them  but  limited  practice  with  such  products  and  methods. 

With  the  methods  of  analysis  in  each  case  are  presented  results 
obtained  by  the  author  in  the  use  of  the  methods,  showing  the 
average  composition  of  the  commercial  product  treated,  and  thus 
offers  much  useful  information  not  easily  found  elsewhere.  The 
book  is  commended  to  those  whose  duties  lead  them  occasionally 
in  the  lines  of  work  here  treated  and  indeed  to  all  needing  guid- 
ance in  the  technical  examination  of  pigments  and  paints. 

Wm.  McMurtrie. 

The  Chemistry  of  Soils  and  Fertilizers.  By  Harry  Snydkr,  B.S., 
Professor  of  Agricultural  Chemistry,  University  of  Minnesota,  and 
Chemist  of  the  Minnesota  Agricultural  Experiment  Station.  Easton, 
Pa. :  The  Chemical  Publishing  Co.  1899.  12  mo.  ix  -|-  277  pp.  Price  I1.50. 

We  are  told  in  the  preface  that  this  book  was  intended  primar- 
ily to  be  used  as  a  text-book  in  the  author's  classes.  This  fact 
explains  the  **  experiments"  and  **  review  questions*'  which  are 
given  at  the  end  of  the  book,  as  well  as  the  condensed  manner  in 
which  it  is  written. 

It  should  answer  admirably  the  purpose  for  which  it  was 
intended.  The  subject-matter  is  well  chosen,  well  arranged,  and 
clearly  and  concisely  stated. 
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The  style  is  as  nearly  popular  as  is  possible  with  applied  chem- 
istry, and  the  book  will  be  found  of  value  even  to  agriculturists 
whose  education  has  not  included  a  course  in  chemistry. 

W.  D.  BiGELOW, 

A  System  op  Instruction  in  Qualitative  Chbmicai,  Analysis.  By 
Arthur  H.  Elliott,  Ph.D.  and  George  A.  Ferguson,  Ph.B.  Third  edi- 
tion, revised  and  enlarged.  New  York :  Published  by  the  Authors. 
155  PP-     Price,  I1.50. 

This  manual  contains  a  straightforward,  carefully  detailed 
procedure  for  the  systematic  qualitative  examination  of  solutions 
or  substances  of  moderate  complexity.  The  analytical  scheme 
is  accompanied  by  a  series  of  **  solution  tests'*  which  the  student 
is  required  to  apply  to  each  metal  or  acid  radical  and  which  include 
the  reactions  with  certain  general  reagents,  and  with  such  special 
reagents  as  yield  typical  products.  In  connection  with  these 
tests  a  useful  list  of  the  important  commercial  compounds  of  each 
metal  is  given. 

Certain  of  the  schemes  for  the  separation  of  the  metals  used  in 
former  editions  have  been  altered  or  replaced  by  others  (notably 
those  of  the  copper  and  barium  groups) ,  and  the  procedure  for 
the  separation  and  detection  of  the  acid  radicals  has  been 
enlarged  and  improved.  The  book  is  liberally  provided  with 
tabulated  statements  of  the  methods  of  separation,  and  of  the 
results  of  the  **  solution  tests.**  The  student  can,  indeed,  hardly 
go  astray  within  the  field  covered  by  the  manual,  so  minute  are 
its  directions ;  yet,  under  the  conditions  imposed,  the  instructor 
will  need  to  use  much  effort  to  encourage  independence  of 
thought  and  action  on  the  part  of  the  student. 

The  introduction  of  the  **  solution  tests**  is,  perhaps,  no  more 
a  proper  subject  for  criticism  in  this  manual  than  in  many  other 
similar  works,  but  it  may  fairly  be  questioned  whether  so  many 
of  these  isolated  tests  do  not,  by  interrupting  the  study  of  the 
systematic  plan  of  analysis,  by  confusing  the  beginner  and  les- 
sening his  interest,  fail  to  serve  a  really  useful  purpose  when 
the  teaching  of  qualitative  analysis  is  the  central  aim.  To  those 
teachers,  however,  who  favor  this  method  of  presentation,  the 
book  will  appeal  strongly  as  a  guide  for  beginners. 

H.  P.  Tamot. 
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Practicai,  Methods  for  Determining  Moi^ecui^ar  Weights.  By 
Henry  Bii«Tz,  Privatdocent  at  the  University  in  Greifswald.  Transla- 
ted by  Harry  C.  Jones  and  Stephen  H.  King.  Easton,  Pa. :  The 
Chemical  Publishing  Company.     1899.     235  pp.     Price,  {2.00. 

Previous  to  the  appearance  of  the  German  edition  of  this  work 
there  was  no  satisfactory  reference  book  on  the  determination  of 
molecular  weights,  particularly  by  the  vapor-density  methods. 
Windisch's  **  Die  Bestimmung  des  Moleculargewichts  **  was  so 
voluminous  and  contained  so  many  processes,  with  so  much 
descriptive  matter  that  it  required  an  experienced  hand  to  find 
just  what  was  wanted,  and  therefore  could  not  be  used  as  a  sat- 
isfactory laboratory  guide.  Fuchs*^  **  Anleitung  zur  Molecular- 
gewichts Bestimmung**  was  entirely  satisfactory,  but  unfortu- 
nately was  confined  to  the  cryoscopic  processes,  thus  leaving  no 
satisfactory  laboratory  guide  for  the  vapor-density  methods. 

This  translation  places  in  the  hands  of  English-reading  stu- 
dents a  masterly  summation  of  the  practical  methods  for  deter- 
mining molecular  weights  by  the  vapor-density  and  the  cryo- 
scopic methods,  with  a  careful  criticism  of  the  different  proce- 
dures, and  a  comparison  of  the  usefulness  of  one  with  the  other. 
The  author  has  been  strongly  under  the  influence  of  Victor  Meyer, 
which  gives  an  authoritative  value  to  the  Meyer  displacement 
method  and  its  various  modifications.  The  separate  methods 
are  described  with  clearness  and  with  that  close  attention  to 
essential  details  which  clearly  shows  the  result  of  much  expe- 
rience. The  critical  discussion  of  the  results  obtained  by  the 
various  methods  is  extremely  valuable,  especially  those  values 
obtained  from  substances  which  dissociate  on  heating,  and  those 
which  suffer  electrolytic  dissociation  in  solution.  The  references 
to  the  literature  are  frequent  and  form  a  valuable  part  of  the 
book. 

The  book  contains  chapters  on  the  vapor-density  methods  of 
Meyer,  Dumas,  G'ay-Lussac,  and  Hofmann,  with  the  various 
modifications;  and  on  the  methods  for  determining  molecular 
weights  of  substances  in  solution  by  the  rise  in  boiling-point  and 
the  lowering  of  the  freezing-point.  The  method  of  Nernst 
based  on  the  principle  of  the  lowering  of  the  solubility  is  treated 
briefly.  The  process  worked  out  by  Traube  and  based  on  a 
comparison  of  the  values  from  a  determination  of  the  molecular 


l8o  NEW  BOOKS. 

volume  and  the  theoretical  value,  is  described,  but  is  not  recom- 
mended. 

The  translators  have  done  their  work  satisfactorily.  They 
have  added  a  short  chapter  on  the  method  and  apparatus  devised 
by  Jones  for  the  determination  of  molecular  weights  by  the  rise 
in  boiling-point.  Henry  Fay. 

The  Cost  of  Living  as  Modified  by  Sanitary  Science.    By  Hi^len 
H.  Richards.     121  pp.   New  York :  John  Wiley  &  Sons.     1899. 

This  little  book  is  a  great  disappointment  to  the  student  of 
sanitary  science  because  of  the  misleading  title  which  it  bears. 
In  no  single  instance  has  the  author  given  us  an  idea  whether 
the  cost  of  living  has  been  modified  either  favorably  or 
unfavorably  by  sanitary  science.  She  has  shown  that  the  cost 
of  living  has  been  increased  by  various  causes  which  must, 
however,  be  classed  as  economic,  social,  and  industrial. 

The  principal  causes  to  which  she  attributes  the  increased  cost 
of  living  are :  The  gross  waste  on  the  part  of  the  housewife  in 
reckless  and  useless  expenditure  for  commodities  which  are 
unessential  to  health  and  happiness,  and  the  improper  utilization 
and  even  waste  of  the  commodities  purchased  ;  also,  the  lack  of 
proper  interest  in  her  duties,  and  want  of  appreciation  of  the 
importance  of  those  duties  on  the  part  of  the  housewife.  The 
factors  which  have  brought  about  the  foregoing  conditions  are 
mainly  industrial,  due  to  the  removal  of  all  manufacturing  from 
the  home  to  the  factory,  changing  the  occupation  of  the  house- 
wife almost  altogether  from  that  of  a  producer  to  that  of  a 
distributor.  It  will  be  seen  that  none  of  these  causes  are  trace- 
able to  sanitary  science. 

The  subject-matter  presented  is  of  marked  interest  and  of  the 
highest  importance,  and  it  is  unfortunate  therefore  that  it  has 
been  presented  under  a  misleading  title.  Moreover  it  is  to  be 
regretted  that  the  author  has  not  adhered  to  the  title  given  to 
the  book  because  there  is  every  reason  to  believe  that  the  cost 
of  living  has  been  modified  by  sanitary  science  and  a  contribution 
embodying  this  information  would  be  most  valuable. 

D.  H.  Bergey. 
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ON  THE  ACTION  OF  CERTAIN  ACID  REAGENTS  ON  THE 

SUBSTITUTED  UREAS. 

[First  Paper.] 

bt  p.  b.  dains. 

ReceWed  March  14,    1900. 

IN  the  course  of  an  investigation  on  the  isourea  ethers,*  the 
question  arose  regarding  the  anilido  hydrogen  as  to  its  ease 
of  replacement  by,  and  its  reactivity  toward,  acid  reagents. 
Since  the  amount  of  experimental  evidence  concerning  the  action 
of  acids  and  acid  chlorides  on  the  substituted  ureas  is  relatively 
small,  a  study  is  being  made  of  the  behavior  of  these  bodies 
toward  such  reagents. 

With  an  easily  replaceable  hydrogen,  a  very  interesting  syn- 
thesis would  be  possible :  namely,  the  direct  formation  of  acyl 

RNH 

thio  and  oxygen  ureas  of  the  general  type :       yCO(S) . 

RN 

\ 

COR 

When,  however,  acyl  chlorides,  acid  anhydrides,  and  acids  act 
upon  these  ureas,  while  it  seems  probable  in  many  cases  that  the 

I  This  Journal,  21,  x8x. 
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anilido  hydrogen  is  the  first  point  of  attack,  with  the  interme- 
diate formation  of  an  acyl  derivative,  only  under  especial  circum- 
stances have  these  intermediate  bodies  been  isolated  when  this 
method  of  preparation  is  used.  .  For  instance,  the  oxygen  deriv- 
RNH 

atives         ^CO  have  never  been  prepared  directly,  but  only  by 

RN 

\ 

COR 

(i)  the  addition  of  acetanilide  to  phenyl  isocyanate,* 
(2)  the  action  of  acid  chlorides  on  the  isourea  ethers.* 

RNH 

The  corresponding  sulphur  body      yCS  has,  however,  been 

RN 

\ 
COR 

isolated  in  the  following  cases: 

(i)  Werner*  heated  dibenzyl  thiourea  and  acetic  anhydride 

to  the  boiling-point  of  the  latter,  and  obtained  acetyl  dibenzyl 

thiourea,    besides  small  quantities  of  benzyl  mustard  oil  and 

benzyl  acetamide,  the  usual  products  of  the  reaction.     Werner 

thinks  that  with  fatty  thioureas  such  an  acyl  derivative  is  usually 

formed,    but    he  only  succeeded  in  isolating  it  in  the   above 

instance. 

(2)  Deninger  has  found  that  acetyl  chloride  and  thiocarban- 
ilide  in  pyridine  solution  give  mono  acetyl  thiocarbanilide.* 

(3)  Recently  Hugershoff,*  by  modifying  the  process  used  by 
Werner,  and  heating  the  mixture  of  thiocarbanilide  and  acetic 
anhydride  only  to  the  temperature  of  a  boiling  water  bath,  suc- 
ceeded in  isolating  acetyl  thiocarbanilide.  A  yield  of  45  per 
cent,  was  obtained,  the  rest  of  the  thiocarbanilide  having  formed 
mustard  oil  and  acetanilide,  the  products  obtained  by  Werner  at 
the  temperature  of  boiling  acetic  anhydride. 

These  acyl  ureas  are  relatively  unstable  bodies,  and  readily 
dissociate  above  their  melting-points  into  the  corresponding  cya- 

1  McCreath  :  Bey.  d.  chem.  Ges,^  8,  iz8i. 

s  Dains  :  This  Journal,  2x,  182. 

sy.  Chem,  Soc.,  50,  406. 

4  Ber.  d.  chem.  Ges.,  aS,  1323. 

6 /*ia.  (1899),  3649. 


ACTION  OF  CERTAIN  ACID  RBAGBNTS.  1 83 

nates  and  anilides,  thus  giving  opportunity  for  secondary  reac- 
tions. 

While  it  seems  extremely  probable,  and  in  a  number  of  cases 
is  definitely  proved,  that  the  acid  chlorides  and  anhydrides  react 
with  the  ureas  with  the  formation  of  such  intermediate  acyl 
ureas,  yet  under  the  conditions  of  the  experimental  work  in  this 
paper,  the  temperature  required  to  produce  reaction  was  so  high 
that  such  acyl  ureas  were  never  isolated,  but  only  their  decom- 
position products.  This  fact  has  given  rise  to  some  interesting 
results. 

The  work  in  this  paper  has  been  confined  to  a  study  of  the 
action  of  acids  and  acid  chlorides  on  such  ureas  as  carbanilide 
and  thiocarbanilide,  the  only  exception  being  some  experiments 
on  the  action  of  acetic  anhydride  and  the  above  reagents  on  the 
oxygen  and  sulphur  isourea  ethers.  The  ititeraction  between 
these  reagents  and  the  monosubstituted  and  acyl  ureas  will  be 
discussed  in  a  later  paper. 

EXPERIMENTAL. 

Organic  Acids  and  Carbanilide, — Werner'  has  shown  that  pure 
acetic  acid  decomposes  diphenyl  urea  at  i6o**-i7o**,  giving  acet- 
anilide,  carbon  dioxide,  and  water. 

Organic  Acids  and  Thioureas, — Cain  ^nd  Cohen,  while  inves- 
tigating the  ''action  of  acetic  acid  on  phenyl  thiocarbamide," 
heated  absolute  acetic  acid  and  thiocarbanilide  at  i3o''-i4o**  for 
three  to  four  hours.  They  simply  state  that  diphenyl  urea  was  one 
of  the  products.'  This  is  wholly  in  accord  with  the  general  action 
of  anhydrous  acids  at  temperatures  above  130''.  At  a  lower 
temperature,  somewhat  different  results  are  obtained.  Thus  9 
grams  of  thiocarbanilide  and  20  cc.  of  pure  acetic  acid  were 
heated  in  a  water-bath  for  thirty  hours.  The  residual  solid, 
when  filtered  off  and  examined,  proved  to  be  thiocarbanilide, 
and  not  diphenyl  urea.  On  distilling  the  acid  filtrate  with  steam, 
phenyl  mustard  oil  came  over,  while  the  distilling  flask  was 
found  to  contain  acetanilide  and  a  base  that  melted  at  145°, — 
its  picrate  melted  at  180"*,  and  was,  therefore,  triphenyl  guani- 
dine.     The  picrate  of  pure  triphenyl  guanidine  was  found  by 

ly.  Chem,  Soc.,  59,  550. 

s  Cain  and  Cohen :  /.  Oum.  Soc.^  59,  328. 
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experiment  to  melt  at  180^,  and  not  at  178^,  as  given  in  the  lit- 
erature. 

Under  these  conditions,  then,  the  reaction  followsout  the  linesof 
the  decomposition  of  the  thiocarbanilides  with  aqueous  hydro- 
chloric acid,  the  difference  centering  in  the  fact  that  the  products 
of  the  reaction  tend  to  form  anilides  with  the  organic  acid  pres- 
ent,— a  tendency  more  apparent  when  higher  temperatures  are 
used.  In  this  case  there  is  first  dissociation  into  phenyl  mustard 
oil  and  aniline ;  and  as  secondary  reactions,  the  formation  of 
acetanilide  from  the  aniline  and  the  glacial  acetic  acid,  and  also, 
though  more  slowly,  from  the  acid  and  the  mustard  oil.  This 
interpretation  is  confirmed  by  the  fact  that,  while  at  the  above 
temperature  no  carbanilide  is  formed  when  absolute  acid  is  used, 
with  aqueous  acid  diphenyl  urea  is  produced  (as  shown  by 
experiment).  This,  as  the  investigation  of  Werner  shows,  is 
due  to  the  action  of  the  aqueous  acid  upon  the  phenyl  thiocarb- 
amide.  It  was  found  by  direct  experiment  that  the  final  products 
of  75  per  cent,  acetic  acid,  and  thiocarbanilide  at  water-bath  tem- 
perature are  acetanilide  and  diphenyl  urea,  although  the  odor 
shows  that  mustard  oil  is  an  intermediate  product. 

Butyric  Acid  and  Thiocarbanilide. — 2.3  grams  of  thiocarb- 
anilide and  2  grams  of  butyric  acid  were  heated  at  140**- 
160**  for  two  hours.  Reaction  set  in  with  the  evolution  of 
carbon  dioxide  and  hydrogen  sulphide.  Prom  the  residue, 
by  crystallization  from  alcohol,  there  was  isolated  butyric 
anilide  and  diphenyl  urea.  Carbon  oxysulphide  was  probably 
evolved,  but  no  effort  was  made  to  detect  it  in  the  presence  of 
hydrogen  sulphide  and  carbon  dioxide.  In  all  of  these  exper- 
iments, it  may  be  said,  traces  of  the  free  amine  could  be  detected. 

Benzoic  Acid  and  Thiourea, — Molecular  quantities  of  benzoic 
acid  and  diphenyl  thiourea,  at  i6o°-i8o**,  evolve  hydrogen  sul- 
phide, carbon  dioxide,  and  water.  As  the  formation  of  gas 
ceases,  the  melt  becomes  semisolid,  and  on  examination  is  found 
to  consist  of  a  little  benzoic  acid  which  was  extracted  with  dilute 
alkali,  benzanilide,  and  a  small  amount  of  diphenyl  urea. 

Diparatolyl  thiourea  and  benzoic  acid,  under  like  conditions, 
gave  as  gaseous  products  carbon  dioxide  and  hydrogen  sulphide, 
and  a  residue  of  /-benztoluid  ^-carbtoluid,  and  a  little  benzoic 
acid. 
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Salicylic  Acid  and  Diphenyl  Thiourea, — A  mixture  of  these 
bodies  in  molecular  proportions,  when  heated,  liquefied  at  140®, 
and  at  150**  slowly  gave  carbon  dioxide  and  hydrogen  sulphide. 
Caustic  alkali  separated  the  melt  into  two  portions  :  one  soluble 
in  alkali,  the  other  insoluble.  This  latter  proved  to  be  diphenyl 
urea.  The  portion  soluble  in  the  caustic  soda  consisted  of  sali- 
cylic anilide  (m.  p.  133.5**)  and  a  little  salicylic  acid.  Besides 
these  products  traces  of  aniline  and  phenol  were  formed, — the 
latter  doubtless  due  to  a  slight  decomposition  of  the  salicylic 
acid. 

The  experiments  presented  show  that  the  reaction  between 
the  thioureas  and  organic  acids  of  the  type  RCOOH,  proceeds 
along  fairly  definite  lines.  The  products  to  be  accounted  for  are 
carbon  dioxide,  hydrogen  sulphide,  water,  the  anilide,  mustard 
oil  and  carbanilide. 

The  main  reaction  is  the  one  already  indicated  : 

RNH 
I.         >CS  +  RCOOH  =  RNCS  +'  RNH,.RCOOH. 
RNH 

At  the  temperature  of  the  reaction  the  amine  and  the  acid 

unite. 

II.  RCOOH  +  RNH,  =  RNHCOR  +  H,0. 

At  the  same  time  the  mustard  oil  is  attacked. 

III.  RNCS  +  RCOOH  =  RNHCOR  +  COS.  (HOH  +  COS  = 

CO,-f  H3S.) 

Only  the  carbanilide  remains  to  be  accounted  for.  This  body, 
it  will  be  remembered,  is  produced  only  when  high  temperatures 
are  used  in  the  reaction  between  thiocarbanilide  and  anhydrous 
acids.  At  the  water-bath  temperature  none  was  formed.  Wer- 
ner, who  has  studied  the  reaction  between  acetic  acid  and 
phenyl  mustard  oil,  says  that  the  decomposition  occurs  accord- 
ing to  the  following  equation  :* 

2RNCS  +  3H,0  =  (RNH),CO  +  2H,S  +  CO.. 

In  view  of  this  it  might  be  said  that  the  carbanilide  is  due  to  the 
water  formed  in  the  reaction  and  the  mustard  oil  set  free  at  the 
same  time.  But  such  a  conclusion  must  be  erroneous  for  the  fol- 
lowing reasons : 

a.  At  water-bath  temperature  none  is  formed  ; 

1  A  Chem,  Soc.,  59,  545. 
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b.  Much,  if  not  all,  of  the  water  .escapes  at  the  temperature  of 
the  reaction; 

c.  More  carbanilide  is  often  produced  than  the  above  equation 
accounts  for. 

A  very  probable  hypothesis  is  the  following :  at  the  high  tem- 
perature employed,  there  is  more  or  less  dissociation  of  the  thio- 
carbanilide  into  carbodiimide  and  hydrogen  sulphide. 

The  carbodiimide  thereupon  reacts  with  the  organic  acid  as 
follows:* 

(RN),C  +  2RC00H=  (RNH),CO+  (RCO),0. 

Dibasic  Acids  and  the  Thioureas, — Diphenyl  thiourea  and 
oxalic  acid  were  heated  at  i6o*'-i7o°.  The  mixture  melted 
readily,  decomposed  with  the  evolution  of  gas,  and  then  partially 
solidified. 

The  gaseous  products  consisted  mainly  of  carbon  dioxide  and 
hydrogen  sulphide.  From  the  solid  residue,  hot  alcohol 
extracted  traces  of  phenyl  mustard  oil  and  a  little  unchanged 
thiourea.  The  insoluble  portion  proved  to  be  oxanilide  (m.  p. 
240).     The  main  reaction,  then,  is  as  follows: 

RNH  HOCO  CONHR 


> 


CS  + 


=JCO,  +  H.S  + 


RNH  HOCO  CONHR 

Traces  of  aniline  could  also  be  detected,  probably  in  the  form 
of  aniline  oxalate.     No  oxanilide  was  discovered. 

Thiocarbanilide  (11  grams)  and  succinic  acid  (5  grams) 
require  a  temperature  of  170®  before  reaction  sets  in.  At  this 
point,  however,  much  carbon  dioxide,  hydrogen  sulphide,  and 
water  are  evolved.  The  other  products  consisted  of  small  amounts 
of  aniline  and  mustard  oil,  while  the  residual  solid  could  be  sep- 
arated by  fractional  crystallization  into  succinanil  and  succin- 
anilide. 

The  main  results  can  be  expressed  as  follows : — 


RNH  CH^COOH  CH.CO 

I.        \CS  +  2  ~  ^1        y>NR+2H,0  +  H.S. 

RNH  CH.COOH  CH.CO 

1  Dains  :  This  Journal,  m,  157. 
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RNH     CH,COOH         CH.CONRH 
II.      NcS+  =  +H,0  +  CO,+H,S. 

RNH     CH,COOH         CH.CONRH 

These  reactions  are  almost  identical  with  those  that  occur 
when  the  anhydride  is  used  instead  of  the  acid.  For  instance, 
Dunlap*  has  found  that  succinic  anhydride  and  thiocarbanilide 
^ve  succinanil,  succinanilide,  carbonyl  sulphide,  and  aniline. 
My  own  experiments  confirm  these  results  and  show  that  with 
the  elev^on  of  temperature,  there  is  increase  in  the  amount  of 
succinanilide  formed.  Thus,  equal  molecules  of  di-/-tolyl  thio- 
urea and  succinic  anhydride,  when  heated  at  160**- 180°,  give  as 
gaseous  products  carbon  dioxide,  hydrogen  sulphide,  water,  and 
COS.  The  residue  consisted  of /-tolylsuccinimid  and^-succin- 
toluid. 

It  is  possible  that  formation  of  succinic  anhydride  precedes 
the  interaction  with  the  thiocarbanilide,  as  seems  to  be  the  case 
n^th  phthalic  acid. 

Thiocarbanilide  and  phthalic  acid  (equal  molecules)  reacted 
at  170**,  with  the  evolution  of  hydrogen  sulphide  and  darbon 
dioxide. 

The  residue  was  washed  with  cold  alcohol :  this  removed,  as 
was  found,  phenyl  mustard  oil,  a  little  aniline,  and  a  solid  melt- 
ing at  1 25**-! 30*  which  proved  to  be  phthalic  anhydride.  The 
main  product,  which  was  insoluble  in  the  cold  alcohol,  proved  to 
be  phthalanil  (m.  p.  205**).  The  reaction  proceeds  as  if  the 
anhydride  had  been  used  instead  of  the  acid.  The  results  again 
are  in  accordance  with  the  experiments  of  Dunlap'  who  found 
that  thiocarbanilide  and  phthalic  anhydride  react  at  170*^  with 
the  formation  of  phthalanil  and  mustard  oil. 

Before  this  paper  of  Dunlap's  was  seen,  experiment  showed 
that  /-tolyl  thiourea  and  phthalic  anhydride  react  easily  and 
smoothly  at  160**  yielding  COS,  traces  of  water  and  hydrogen 
sulphide,  and  practically  quantitative  amounts  of  p-tolyl  mustard 
oil  and/-tolyl  phthalanil.  An  excess  of  the  acid  or  acid  anhy- 
dride increases  the  yield  of  phthalanil  and  decreases  that  of  the 
mustard  oil,  since  it  was  found  by  experiment  that  equal  mole- 

'  Am  Chem.J.^  x8,  33a. 
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cules  of  phthalic  anhydride  and  mustard  oil  at  i6o^  slowly  give 
COS  and  phthalanil.  On  the  contrary  phenyl  mustard  oil  and 
succinic  anhydride  do  not  react  at  i8o**,  but  when  boiled 
together  tar  is  produced  and  an  odor  of  phenyl  isocyanate  devel- 
oped. 

RNH     yCOOH      yCO 

NcS  +  C.H,     =   C«H,NnR  +  RNCS  +  2H,0. 
RNH     ^COOH      "^CO 

Add  Chlorides  and  Ureas, — When  acid  reagents  like  the  acid 
anhydrides  and  the  acid  chlorides  act  upon  the  disubstituted 
ureas,  the  anilido  hydrogen  seems  to  be  the  main  point  of  attack, 
although  the  actual  mechanism  of  the  reaction,  whether  it  be 
one  of  addition  or  direct  replacement  of  the  hydrogen,  cannot  as 
yet  be  settled  experimentally.  The  evidence  points,  however,  to 
the  intermediate  formation  in  some  way  of  an  acyl  derivative. 

RNH 
With  the  oxygen  ureas  such  a  compound,  >CO,      can 

RNv 

^COR 
never  be  obtained  by  the  direct  action  of  the  acid  chloride  since 
the  acyl  body  decomposes  at  a  temperature  below  that  at  which 
the  reaction  is  carried  out. 

The  equations  evolved  in  the  interaction  of  an  acid  chloride 
and  carbanilide  can  be  represented  as  follows  : 

I.   (RNH).CO  +  RCOCl  =  RNHCONR+HCl  = 


COR 
RNHCOR+  RNCO  +  HCl. 

Under  the  conditions  of  the  experiment,  the  acyldialphyl  urea 
breaks  down  into  an  anilide  and  isocyanate,  which  in  turn  react, 
giving  carbon  dioxide  and  an  amidine  derivative. 

II.  RNHCOR  +  RNCO  +  HCl  =  RNH— CR.HCl  +  CO,. 

<^ 
RN 

Diphenyl  urea  was  heated  with  a  slight  excess  over  i  molecule 
of  acetyl  chloride  in  a  sealed  tube  for  three  hours  at  150®.  The 
tube  opened  with  pressure  due  to  carbon  dioxide  and  a  little 


/ 
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hydrocbloric  acid.  After  the  addition  of  water  the  reaction- 
product  was  shaken  out  with  ether.      This  removed  acetanilide. 

On  treating  the  water  solution  with  an  alkali,  a  base  was  pre- 
cipitated which,  on  examination,  was  found  to  be  acetdiphenyl- 
amidine,  m.  p.  i3i''-i32**  (a-phenylimido-a-phenylamidoethane). 
This  base  can  be  purified  by  recrystallization  from  alcohol  or  by 
dissolving  in  benzene,  passing  in  hydrogen  chloride,  and  then 
extracting  the  pure  hydrochloride  with  water.  This  removes 
g^ummy  impurities  that  are  apt  to  remain  persistently  with  the 
base.  It  was  further  identified  by  its  platinum  salt,  which 
melted  at  210**. 

Analysis  of  two  separate  preparations  : 

1.  0.1810  gram  substance  gave  0.0430  gram  platinum. 

2.  0.1400  gram  substance  gave  0.0326  gram  platinum. 

Calculated  for  Found. 

(C,4H,4N,),H,Pt.Cle.  X.  2. 

Platinum 23.47  23.75  23.30 

The  picrate  of  this  base  melts  at  165°. 

I.  (C,H,NH),CO  +  CH.COCl  = 

C.H.NHCOCH.  +  C.H.NCO  +  HCl. 

C»H,NH 

II.  \c.CH..HCl  +  CO,. 

Nine  grams  carbanilide  and  5  cc.  butyryl  chloride  were  heated 
at  150*-!  70°  for  four  hours.  The  tube  opened  with  much  pres- 
sure due  to  carbon  dioxide  and  hydrogen  chloride.  The  con- 
tents, which  formed  an  oily  mass  filled  with  bubbles  of  gas,  were 
dissolved  in  alcohol  and  the  alcohol  evaporated  to  remove  excess 
of  the  acid  chloride.  The  ether  extract  gave  0.5  gram  of  butyric 
anilide,  which  crystallized  from  ligroin  in  square  plates. 

The  water  solution  was  found  to  contain  a  base,    a-diphenyl 

^NC.H. 
butane  amidine,  C,H^ — C^  [DiphenyL  butyryl  ami- 

^NHCeH. 

dine.]        This  crystallizes  from  alcohol,  in  which  it  is  very  sol- 
uble, in  fine  star  clumps  of  needles,  which  melt  at  105°. 

Analysis  resulted  as  follows  : 

0.600  gram  substance  (Kjeldahl)  required  4.9  cc.  normal  acid. 
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Calculated  for 

C|«H,sNa.  Pound. 

Nitrogen 11.78  11.46 

When  a  solution  of  the  amidine  hydrochloride  and  chlorplatinic 
acid  is  allowed  to  evaporate  slowly,  a  red  platinum  salt  is  pro- 
duced. 

Analysis  gave  the  following  : 

0.3780  gram  salt  gave  0.0832  gram  platinum. 

Calculated  for 
C|«H,aN,Pt.Cle.  Pound. 

Platinum 21.98  22.01 

Molecular  proportions  of  carbanilide  and  benzoyl  chloride  were 
heated  at  i6o'*-i7o'*  for  four  hours.  As  before,  carbon  dioxide 
was  formed.  From  the  solid  contents  of  the  tube,  benzene 
extracted  benzanilide,  m.  p.  161°.  The  residue  insoluble  in 
benzene  dissolved  readily  in  water  and  proved  to  be  the  hydro- 
chloride of  a  base,  diphenyl  benzenyl  amidine,  formed  by  the 
action  of  the  phenyl  isocyanate  on  the  benzanilide. 

Thus  Kuhn*  has  shown  that  phenyl  isocyanate  and  benzanilide 
react  at  i8o°-20o**  to  form  the  above  amidine  and  carbon  dioxide. 
The  base  that  melted  at  145°  was  further  identified  by  its  plati- 
num salt.  This  melted  at  212''  and  gave  the  following  figures 
on  analysis : 

0.1892  gram  substance  gave  0.0382  gram  platinum. 

Calculated  for 

Ct6H|4N4PtClc.  Pound. 

Platinum 20.39  20.19 

When  molecular  proportions  of  benzoyl  chloride  and  carbani- 
lide are  heated  in  an  open  flask  at  i6o°-20o'',  carbon  dioxide  and 
hydrochloric  acid  are  given  off  and  the  intermediate  formation 
of  phenyl  isocyanate  is  very  apparent  from  the  odor.  Diphenyl 
benzenyl  amidine  was  isolated  as  before  and  was  identified  by  its 
own  melting-point  and  that  of  its  picrate  (m.  p.  216°). 

Acyl  Chlorides  and  Dialphyl  Thioureas, — Reagents  of  this  class 
act  more  readily  on  the  thioureas  than  on  the  corresponding  oxy- 
gen derivatives.  The  products  of  the  reaction  are  largely  depend- 
ent upon  the  following  conditions  :  the  presence  of  a  solvent  such 
as  pyridine,  the  temperature,  and  the  fact  that  the  mustard  oils 

1  Ber.  d.  chem.  Ges.^  x8, 1476. 
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are  less  reactive  than  the  corresponditig  isocyanates,  and  so  do 
not  tend  to  react  with  the  anilide  formed. 

Deninger'  has  shown  that  by  dissolving  thiocarbanilide  in 
pyridine,  acyl  chlorides  attack  the  anilido  hydrogen  with  great 
ease  at  ordinary  temperatures,  forming  a  stable  substitution 
product.  For  instance,  acetyl  chloride  and  thiocarbanilide,  un- 
der these  conditions,  give  acetyl  thiocarbanilide. 

C.H,NHv 

>CS 
C.H,NH< 

^COCH, 

With  benzoyl  chloride  and  diphenyl  thiourea,  a  dibenzoyl  de- 
rivative was  obtained.  Like  the  oxygen  bodies  of  similar  con- 
stitution, these  acyl  thiocarbanilides  are  easily  decomposed. 
Thus,  acetyl  thiocarbanilide,  when  heated  above  its  melting- 
point  or  when  boiled  with  water,  gives  phenyl  mustard  oil  and 
acetanilide,  which  two  components  show  no  tendency  to  unite 
again  even  when  heated.  On  the  other  hand,  phenyl  isocyanate 
and  acetanilide  heated  in  a  sealed  tube  to  150°  unite  to  form 
acetyl  diphenyl  urea.* 

In  the  absence  of  pyridine,  which  combines  with  the  hydro- 
chloric acid  set  free,  my  experiments  show  that  heat  is  required 
to  effect  complete  reaction  between  the  acyl  chloride  and  the  thio- 
ureas, and  that  under  these  conditions  no  intermediate  product 
corresponding  to  the  acyl  thiocarbanilide  can  be  isolated. 

The  general  reaction  between  an  acyl  chloride  and  a  dialphyl 
thiourea  can  be  expressed  as  follows  : 

RNH  RNH 

>CS  +  RCOCl  =        \CS  +  HCl  =  RNCS  +  RNHCOR 

RNH  RNCOR 

+  HCl. 

Mustard  oil  and  an  acyl  anilide  are  the  main  products,  while 
occasionally  small  quantities  of  an  amidine  base  are  formed. 

RNCS  +  RNHCOR  =  RNH 

NcR  +  COS. 

RN 

1  Btr.  d,  chem,  Ges.,  s8, 1333. 
S  McCreath :  Ibid.,  8,  zi8i. 
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Acetyl  Chloride  and  Thiocarbanilide, — Diphenyl  thiourea  was 
treated  with  a  slight  excess  over  i  molecule  of  acetyl  chloride, 
and,  as  no  reaction  occurred  at  ordinary  temperatures,  the  mix- 
ture was  warmed  to  50°  on  the  water-bath,  until  the  evolution  of 
hydrochloric  acid  ceased.  The  oily  product,  which  became 
semisolid  on  cooling,  was  distilled  with  steam.  Phenyl  mustard 
oil  came  over.  This  was  identified  by  its  properties,  and  the 
formation  of  monophenyl  thiourea.  On  concentrating  the  water 
solution  of  the  residue  not  volatile  with  steam,  acetanilide  (m.  p. 
114°)  was  obtained.  The  filtrate  from  this,  when  neutralized 
with  alkali,  gave  small  quantities  of  a  base  which  proved  to  be 
acetdiphenyl  amidine,  a  product  formed  in  much  larger  quanti- 
ties in  the  reaction  between  acetyl  chloride  and  carbanilide,  and 
identical  with  the  body  thus  obtained. 

Butyryl  chloride  and  diphenyl  thiourea  react  with  ease,  giving 
n|uch  hydrochloric  acid,  and  an  oily  product  from  which  can  be 
isolated  phenyl  mustard  oil  and  but3Tic  anilide.  Small  amounts 
of  an  impure  base  are  also  formed. 

When  molecular  quantities  of  benzoyl  chloride  and  thiocarb- 
anilide  are  heated  to  150®,  reaction  ensues  with  the  evolution  of 
hydrogen  chloride,  a  little  carbon  dioxide,  and  a  gas  that  black- 
ens lead  acetate  paper.  On  distilling  the  product  with  steam, 
or  by  separating  with  cold  alcohol,  there  can  be  isolated  almost 
quantitatively  phenyl  mustard  oil  and  benzanilide.  Traces  of 
the  base  diphenylbenzenyl  amidine  are  also  formed. 

Di-w-xylyl  thiourea  and  benzoyl  chloride,  under  like  condi- 
tions, react  at  120°.  The  products  were  the  benzoyl  derivative 
of  metaxylidine  (CH,CH,NH,i,3,4(m.  p.  192"),  and  xylyl  mus- 
tard oil,  which,  with  alcoholic  ammonia,  gave  the  monothiourea 
(m.  p.  175**).     Traces  of  an  impure  base  were  also  formed. 

Greater  elevation  of  temperature  does  not  favor  this  reaction 
between  the  acid  chlorides  and  the  thioureas.  For  instance, 
molecular  quantities  of  benzoyl  chloride  and  di-^-tolyl  thiourea 
were  heated  in  a  sealed  tube  at  i8o*'-20o*'.  The  tube  opened 
with  slight  pressure,  and  the  issuing  gas  burned  with  a  pale  blue 
flame.  The  contents  of  the  tube  consisted  of  ^-tolyl  mustard  oil, 
^-benztoluide,  much  tar,  and  a  small  amount  of  an  impure  base. 

AUylphenyl  thiourea  was  warmed  on  the  water-bath  with  a 
slight  excess  of  acetyl  chloride.     The  reaction-product  formed  a 
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thick  oil,  with  the  evolution  of  a  little  hydrogen  chloride.  On 
distilling  this  oil  with  steam,  a  few  drops  only  of  phenyl  mustard 
oil  were  obtained,  and  the  residue  in  the  distilling  flask,  with 
the  exception  of  a  little  tar,  was  completely  soluble  in  water. 
From  this,  alkali  threw  down  a  base  which,  without  further  puri- 
fication, melted  at  115°  and  gave  a  picrate  (m.  p.  153**).  It  was, 
therefore,  W-phenyl  propylene  pseudo  thiourea.  ( 2-Phenyl  amido- 
5-methyl-4,5-dihydrothiazol.)  This  was  further  established  by 
the  analysis  of  the  platinum  salt. 

0.6003  gram  substance  gave  0.1477  gram  platinum. 

Calculated  for 
(CioH„N,S),H,PtCl«.  Found. 

Platinum 24.53  24.60 

The  acyl  chloride  evidently  causes  a  practically  quantitative 
rearrangement.  Boiling  with  hydrochloric  acid  brings  about 
the  same  change.' 

The  AcHan  of  Acid  Reagents  on  Isourea  Ethers. — A  study  begun 
in  a  former  paper  on  the  action  of  acids,  acid  chlorides,  and  acid 
anhydrides  on  the  isourea  ethers  is  here  continued  and  extended 
to  the  corresponding  sulphur  ethers. 

Organic  acids  act  with  great  ease  upon  the  isourea  ethers. 
Thus  ethylisodi-^-tolyl  urea  and  glacial  acetic  acid  give  ethyl 
acetate  and  carbanilide,  as  has  been  shown  in  a  former  paper.* 

Towards  acids  and  acid  reagents  the  thio  ethers  show  remark- 
able stability.  Ethyl  isothiocarbanilide  can  be  boiled  with  glacial 
acetic  acid  without  effect,  the  original  base  being  recovered 
unchanged.  When  heated  at  i8o°  with  acetic  acid  the  tube 
opens  with  pressure  ;  the  issuing  gases  bum  and  form  a  white 
precipitate  with  a  silver  nitrate  solution.  The  solid  residue  con- 
sists of  pure  acetanilide.     The  odor  of  mercaptan  is  apparent. 

Acid  of  Acetic  Anhydride  upon  the  Oxygen  Urea  Ethers, — Ten 
grams  of  amylisodi-^-tolylurea  and  3.5  grams  of  acetic  anhy- 
dride were  mixed.  Since  no  apparent  reaction  took  place  after 
standing  at  ordinary  temperatures,  the  solution  was  heated  in 
an  oil-bath  at  150*^-160®  for  one  and  one-half  hours.  The  prod- 
uct, which  remained  oily  after  twelve  hours'  standing,  was  dis- 
tilled at  12  mm.  pressure;  there  was  isolated  amyl  acetate,  a 

I  Prager :  Ber,  d.  chem.  Ges,,  sa,  2991. 
>  Thia  Journal,  ai,  170. 
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little  unchanged  acetic  anhydride,  ^-acettoluide,  and  a  trace  of 
^-ditolylurea.  The  latter  may  be  due  to  traces  of  moisture  or  of 
acetic  acid  in  the,  anhydride. 

Equal  molecules  of  ethyl  isocarbanilide  and  of  acetic  anhydride 
were  heated  in  a  test-tube  fitted  with  an  air-condenser  and  a  calcium 
chloride  tube  for  eight  hours  at  160^-170°.  Ethyl  acetate  was 
detected  by  its  odor.  The  oily  product  was  treated  with  alcohol 
to  get  rid  of  the  excess  of  the  acetic  anhydride  and  then  recrys- 
tallized  from  water.  Acetanilide  was  isolated.  This  same  reac- 
tion was  found  to  take  place  with  equal  ease  at  i30*'-i40**.  At 
this  latter  temperature  methylisocarbtoluide  and  acetic  anhy- 
dride give  methyl  acetate  and  ^-acettoluide.  The  yield  of  acet- 
anilide or  of  ^-acettoluide  seems  to  be  quantitative. 

As  in  all  reactions  with  acidic  reagents  there  is  doubtless  first 
addition  to  the  double  bond  with  the  formation  of  an  unstable 
addition-product . 

RNH  RNH   OC.H. 

I.    ^C0C,H,+  (CH.C0)30  --    ^C<^        — 
RN  RN     OCOCH, 


COCH 
RNH 

NcO  +  CH.COOC,H,. 


RN 


COCH 


RNH 


II.  (a)   NcO  —  RNHCO(iH,  +  RNCO. 
RN 


COCH, 

(*)  RNCO  +  0(COCH,),  —  RN(COCH,).  +  CO.. 

At  the  temperature  of  the  experiments,  i3o**-i4o'*,  not  only  is 
this  intermediate  addition-product  broken  down,  but  the  acetyl 
diphenyl  urea  formed  is  dissociated  into  phenyl  cyanate  and 
acetanilide :  and  the  phenyl  cyanate  in  turn  reacts  with  the  excess 
of  acetic  anhydride  to  form  diacietanilide.     That  the  diacetani- 
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lide  was  not  isolated  is  not  surprising,  since  it  is  very  easily 
saponified.* 

The  experimental  evidence  for  equation  II  is  as  follows  : 

(a)  Acetyl  diphenyl  urea,  when  heated  a  little  above  its  melt- 
ing-point, dissociates,  giving  phenyl  isocyanate  and  acetanilide. 

(i)  Acetyl  diphenyl  urea,  when  heated  with  acetic  anhydride 
at  130**  for  two  hours,  and  the  resulting  product  recrystallized 
from  water,  gives  a  quantitative  yield  of  acetanilide.' 

{c)  Phenyl  isocyanate  and  acetic  anhydride  give  acetanilide. 

In  the  oxygen  ethers,  the  existence  of  an  intermediate  product 
due  to  the  addition  of  the  acid  anhydride  to  the  double  bonding 
of  the  ether  was  assumed.  With  the  thioethers  the  existence 
of  such  an  addition-product  was  definitely  proved. 

Ethyl  isodiphenyl  thiourea  and  acetic  anhydride  can  be  heated 
to  the  boiling-point  of  the  latter  without  seeming  change,  or  the 
formation  of  ethyl  acetate ;  and  on  careful  treatment  with  alkali, 
the  original  base  can  be  regenerated. 

If,  however,  the  excess  of  anhydride  be  decomposed  with  alco- 
hol, the  resulting  oil  is  no  longer  soluble  in  dilute  mineral  acids. 
Alcoholic  potash  yields  mercaptan  and  carbanilide,  the  decomposi- 
tion taking  place  with  great  ease.  An  effort  was  made  to  purify 
this  oil  by  dissolving  in  ether  and  washing  with  dilute  sodium 
carbonate  and  water,  and  drying.  The  evaporation  of  the  ether 
left  a  yellow  oil  insoluble  in  water  and  dilute  alkalies.  Experi- 
ment showed  that  alcoholic  potash  gave,  on  warming  with  this, 
mercaptan  and  diphenyl  urea.  Hence,  if  the  body  is  the 
expected  addition-product,  it  must  decompose  as  follows  : 

RNH        SC.H, 

+  2NaOH  =  (RNH),CO  +  C.H.SH  + 

RN  OCOCH, 

I 
COCH, 

2CH.COONa  +  H,0. 

The  oil  was  analyzed  by  dissolving  it  in  alcohol,  adding  a  defi- 
nite quantity  of  standard  sodium  hydroxide,  boiling  with  a  reflux 

1  Guropert  (J.prakt.  Chem,^  31, 131),  who  tried  the  action  of  phenyl  isocyanate  and 
acetic  anhydride,  obtained  only  acetanilide,  a  result  probably  due  to  moisture. 

s  Bzperiments  have  shown  that  diphenyl  urea  and  boilinsr  acetic  anhydride  srive 
acetanilide  and  carbon  dioxide. 
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condenser  until  decomposition  was  effected,  and  then  titrating 
the  excess  of  alkali,  using  phenol  phthalein  as  an  indicator. 
The  amount  of  acetic  anhydride  could  thus  be  determined,  since 
I  cc.  normal  alkali  is  equal  to  0.05103  gram  acetic  anhydride. 

1.  1.7065  grams  substance  required  9.3  cc.  alkali. 

2.  1.7965  grams  substance  required  9.76  cc.  alkali. 

Calculated  for  Found. 

Ci»Ha,N,OsS.  X.  a. 

(CH,CO),0 28.48  27.81  27.72 

The  difficulty  of  purifying  such  a  compound,  and  the  ease 
with  which  it  breaks  down,  account  for  the  low  results.  At  high 
temperatures  complete  reaction  follows  between  the  acetic  anhy- 
dride and  the  ethyl  isothiocarbanilide.  Thus,  after  heating  at 
190°,  the  tube  opened  with  pressure  due  to  inflammable  gases, 
while  mercaptan  and  ethyl  acetate  were  recognized  by  the  odor. 
The  solid  residue  in  the  tube  was  pure  acetanilide. 

Action  of  Acetyl  Chloride  upon  Ethyl  Isothiodiphenyl  Urea, — 
Experiments  in  a  previous  paper*  have  shown  that  with  the 
oxygen  urea  ethers,  acid  chlorides  react,  giving,  by  addition  and 
subsequent  decomposition,  ethyl  chloride  and  acyl  diphenyl  urea. 
With  the  sulphur  derivatives  the  reaction  proceeds  in  an  entirely 
different  manner,  due  doubtless  to  the  greater  stability  of  the 
thio  ethers  toward  acid  reagents,  and  to  the  more  negative  char- 
acter of  the  molecule.  The  general  reaction  between  the  thio- 
ethers  and  acid  chlorides  is  as  follows  : 

RNH  RNCOR 

2   ^C— SC.H,  +  RCOCl   =     ^C— SC,H.  + 

RN  RN 

RNH 

\c— SH.HCl. 

RN 

Either  the  anilido  hydrogen  is  replaced  directly  by  the  acyl 
group,  or  there  is  first,  addition  to  the  double  bond, 


<     /SC.H. 


1  This  Journal,  sz,  i8z. 


RN 

RN 

I 
COCH. 
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and  then  loss  of  hydrogen  chloride,  which  unites  with  a  second 
molecule  of  the  urea  ether  to  form  the  hydrochloride.* 

Two  molecules  of  the  thioether  were  dissolved  in  chloroform 
and  treated  with  i  molecule  of  acetyl  chloride.  After  standing 
for  twenty-four  hours,  the  solution  was  washed  with  water,  the 
excess  of  chloroform  evaporated,  and  the  residual  oil  taken  up 
with  ether ;  this  was  washed  again  with  a  solution  of  sodium 
bicarbonate  to  remove  all  traces  of  free  acid.  After  drying,  the 
evaporation  of  the  solvent  left  a  thick  oil,  which  could  not  be 
crystallized,  and  was  no  longer  soluble  in  dilute  acid.  This  was 
analyzed,  as  in  the  ^previous  case,  by  boiling  in  an  alcoholic  solu- 
tion with  a  standard  caustic  alkali,  the  products  being  sodium 

acetate,  mercaptan,  and  carbanilide. 

1-3554  grams  substance   required   4.545  cc.  normal  NaOH. 

This  is  equivalent  to  0.1954  gram  CH.CO. 

Calculated  for 
.    /COCH, 
C«H»N<  Pound. 

>CSC,H5 

CH,CO  14.42  14.41 

This  body,  monoacetylethylisodiphenyl  thiourea,  is  interesting 
as  being  the  first  acyl  derivative  of  the  isourea  ethers  that  has 
been  isolated.  The  action  of  this  substance  toward  glacial 
acetic  acid  has  also  a  direct  bearing  upon  the  mechanism  of  the 
acetic  anhydride  reaction  described  on  page  195. 

Thus,  when  acetyl  ethyl  isodiphenyl  thiourea  was  heated  to  the 
boiling-point  with  an  excess  of  glacial  acetic  acid  and  allowed 
to  stand  for  twenty-four  hours,  the  product  then  being  poured 
into  water  and  purified  as  in  the  preceding  cases,  the  original 
oil  was  recovered,  and  not  an  acetic  acid  addition-product  iden- 
tical with  the  product  from  acetic  anhydride. 

0.7420  gram  oil  required  4.9  cc.  half- normal  NaOH. 

Calculated  for 
Ci7HisON,S.  Pound. 

CH3CO 14.42  14.33 

This  points  to  the  conclusion  that  the  acetic  anhydride  acts  by 
direct  addition  to  the  double  bond,  and  not  by  first  replacing  the 
anilido  hydrogen  with  an  acetyl  group  and  then  adding  acetic 
acid,  as  follows : 

^  Am.  Oum.  A,  19,  136. 
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COCH. 
/ 

RNH  RN 

\c— SC.H.  +  (CH,CO)C  =       \c— SC,H,  +  HOCOCH, 
NR 


OCOCH, 


Action  of  Benzoyl  Chloride. — Ten  grams  of  ethyl  isodiphenyl 
thiourea  and  3  grams  of  benzoyl  chloride  were  dissolved  in  benzene 
and  allowed  to  stand  for  a  week.  The  crystals  that  separated 
weighed  5.7  grams  and  consisted  of  the  pure  hydrochloride  of 
the  ethyl  ether  (m.  p.  178°).  After  distilling  off  the  benzene,  an 
oil  vfras  left,  insoluble  in  ammonia  or  dilute  hydrochloric  acid, 
the  benzoyl  ethyl  thiodiphenyl  urea.  It  was  not  obtained  pure 
enough  for  analysis.  An  effort  was  made  to  distil  the  oil  but 
decomposition  ensued,  with  the  formation  of  much  tar,  some 
phenyl*  isocyanate,  and  carbodiphenyl  imide.  Another  portion 
heated  in  a  sealed  tube  with  hydrochloric  acid,  at  140**,  gave 
ethyl  chloride,  carbon  dioxide,  mercaptan,  aniline,  and  benzoic 
acid,  so  that  while  the  body  was  not  analyzed,  its  identity  is 
fairly  well  established. 

Northwestern  University  Chemical  Laboratories,  ' 

2421  Dearborn  St.,  Chicago, 
March,  1900. 
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IN  a  report  read  June  ii,  1892,  before  the  Colorado  Scientific 
Society,  the  method  devised  by  the  writer  for  the  technical 
estimation  of  zinc  in  ores,  etc.,  was  approved  as  the  best  that 
had  come  to  the  attention  of  the  committee.  Although  it  had 
its  weak  points,  some  of  which  were  recognized  at  the  time,  it 
was  nevertheless  well  adapted  for  rapid  and  accurate  work  on 
the  majority  of  Colorado  ores  and,  in  fact,  no  better  method  has 
since  been  offered. 
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Applications  for  a  description  of  the  method  are  very  frequent, 
and  in  view  of  the  fact  that  daily  use  in  the  laboratory  for  sev- 
eral years  has  naturally  resulted  in  some  changes  from  the  origi- 
nal plan,  it  may  not  be  out  of  place  to  again  publish  the  scheme 
in  its  latest  form.     It  is,  of  course,  apparent  that  the  method  as 
given  is  not  of  universal  application.     Sometimes  a  fusion  may 
be  necessary  to  effect  complete  decomposition,  or  perhaps  a  pre- 
liminary treatment  with  hydrochloric  acid  may  be    required. 
(All  hydrochloric  acid  must  be  expelled  before  beginning  the 
regular  treatment.)     The  operator  is  expected  to  recognize  such 
cases  and  apply  the  remedy.     He  is  cautioned,  however,  to  be 
very  careful  about  modifying  the  method   except  from  actual 
necessity.     Not  that  improvements  are  not  possible,  but  it  has 
been  the  writer's  experience  that  most  of  the  failures  result  either 
from  inattention  to   details  or  the  introduction   of    supposed 
improvements  by  the  operator. 

DESCRIPTION  OF  THE  METHOD. 

SiaTidard  Ferrocyanide  Solutiori, — Dissolve  22  grams  of  potas- 
sium ferrocyanide  crystals  in  water  and  dilute  to  i  liter.  Stand- 
ardize as  follows  :  Weigh  carefully  about  100  mg.  of  pure  zinc 
and  dissolve  in  6  cc.  of  strong  hydrochloric  apid,  using  a  400  cc. 
beaker.  Then  add  about  10  grams  of  ammonium  chloride  and  * 
200  cc.  of  boiling  water.  Titrate  with  the  ferrocyanide  solution 
until  a  drop,  when  tested  on  a  porcelain  plate  with  a  drop  of  a 
strong  solution  of  uranium  nitrate,  shows  a  brown  tinge.  About 
20  cc.  of  ferrocyanide  will  be  required,  and  accordingly  nearly 
this  amount  may  be  run  in  rapidly  before  making  a  test,  and 
then  the  titration  finished  carefully  by  testing  after  each  addi- 
tional drop.  Instead  of  using  a  single  drop  of  the  zinc  solution 
for  the  test,  the  reaction  is  much  sharper  if  several  drops  are 
placed  in  a  depression  of  the  plate  and  tested  with  a  single  drop 
of  a  strong  uranium  solution.  As  this  is  near  the  end  of  the 
titration  the  amount  of  zinc  lost  thereby  is  insignificant.  As 
soon  as  a  brown  tinge  is  obtained,  note  the  reading  of  the  burette 
and  then  wait  a  minute  or  two  and  observe  if  one  or  more  of  the 
preceding  tests  do  not  also  develop  a  tinge.  The  end-point  is 
usually  passed  by  a  test  or  two  and  the  burette  reading  must  be 
accordingly  corrected.     A  further  correction  must  be  made  for 
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the  amount  of  ferrocyanide  required  to  produce  a  tinge  under 
the  same  conditions  when  no  zinc  is  present.  This  is  only  i  or 
2  drops.  One  cc.  of  the  standard  solution  will  equal  about  0.005 
gram  of  zinc,  or  about  i  per  cent,  when  0.5  gram  of  ore  is  taken 
for  assay. 

Assay  of  Ores, — To  0.5  gram  of  ore  in  a  250  cc.  pear-shaped 
flask,  add  about  2  grams  of  potassium  nitrate  and  5  cc.  of  strong 
nitric  acid.  Heat  until  the  acid  is  about  half  gone  and  then  add 
10  cc.  of  a  cold  saturated  solution  of  potassium  chlorate  in  strong 
nitric  acid  and  boil  to  complete  dryness.  It  is  usually  necessary 
to  manipulate  the  flask  in  a  holder  over  a  naked  flame  to  avoid 
loss  by  bumping.  The  boiling  may  be  conducted  rapidly,  and 
towards  the  end  it  is  best  to  heat  the  entire  flask  so  as  to  expel 
every  trace  of  liquid.  The  potassium  nitrate  serves  simply  as  a 
diluent  of  the  dry  residue  and  insures  the  completeness  of  the 
subsequent  extraction  of  the  zinc.  Cool  sufficiently  and  add  30 
cc.  of  a  prepared  ammoniacal  solution  and  heat  to  boiling.  This 
solution  is  made  by  dissolving  200  grams  of  ammonium  chloride 
in  a  mixture  of  500  cc.  of  strong  ammonia  water  and  350  cc.  of 
water.  Boil  the  contents  of  the  flask  very  gently  for  about  two 
minutes  and  then  filter  through  a  9  cm.  filter  and  wash  with  a 
hot  solution  of  ammonium  chloride  containing  about  100  grams 
of  the  salt  and  50  cc.  of  strong  ammonia  water  to  the  liter.  Col- 
lect the  filtrate  in  a  400  cc.  beaker.  The  insoluble  residue  should 
be  completely  disintegrated  and  any  ferric  hydroxide  present 
should  appear  of  a  fine  sandy  nature.  Place  a  bit  of  litmus 
paper  in  the  filtrate  (not  necessary  if  much  copper  is  present), 
and  neutralize  carefully  with  hydrochloric  acid,  finally  adding  6 
cc.  of  the  strong  acid  in  excess.  Dilute  to  about  150  cc.  and 
add  50  cc.  of  a  cold  saturated  solution  of  hydrogen  sulphide. 
Heat  nearly  to  boiling  and  the  solution  is  ready  for  titration.  If 
more  convenient,  or  apparently  advisable,  pass  a  current  of  hydro- 
gen sulphide  gas  through  the  hot  solution  diluted  to  200  cc. 
Copper  and  cadmium,  which  are  interfering  metals,  are  thus  pre- 
cipitated. Unless  in  large  amount  they  need  not  be  filtered  ofi. 
Practically  no  zinc  is  precipitated  with  the  copper  under  these 
conditions  and  the  discoloration  of  the  liquid  by  even  10  per  cent, 
of  copper  does  not  badly  mask  the  uranium  test.     Titrate  the 
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hot  solution  as  follows  :  Pour  oflf  about  one-third  and  set  it  aside 
in  a  beaker.  Titrate  the  remainder,  more  or  less  rapidly,  accord- 
ing as  much  or  little  zinc  is  indicated,  until  the  end-point  is 
passed,  using  the  uranium  indicator  as  in  the  standardization. 
Now  add  the  greater  part  of  the  reserved  portion  and  continue 
the  titration  with  more  caution  until  the  end-point  is  again 
passed.  Finally  add  the  last  of  the  reserved  portion  and  finish 
the  titration  carefully,  ordinarily  two  drops  at  a  time.  Make 
corrections  of  the  final  reading  of  the  burette  precisely  as  in  the 
standardization.  The  true  end-point  is  always  slightly  passed, 
and,  after  waiting  a  minute,  it  is  usually  sufficient  to  deduct  for 
as  many  drops  as  show  a  brown  tinge  and  one  test  additional. 

Notes, — When  precipitating  with  hydrogen  sulphide  it  is  a 
matter  of  considerable  importance  to  have  the  solution  of  a  defi- 
nite degree  of  acidity.  Cadmium  and  copper  are  to  be  precipi- 
tated, while  it  is  better  to  retain  lead  in  solution  and  not  unnec- 
essarily blacken  the  liquid  with  its  sulphide.  If  there  is  enough 
acid  to  prevent  the  precipitation  of  its  sulphide  the  lead  will  not 
interfere  in  the  titration.  On  the  other  hand  too  much  acid  will 
prevent  the  precipitation  of  the  cadmium.  It  will  not  come  down 
from  a  boiling  hot  solution  containing  5  per  cent,  of  strong 
hydrochloric  acid.  It  is  readily  precipitated  from  a  3  per  cent, 
solution  while  lead  is  not,  if  the  liquid  be  nearly  boiling.  It  is 
therefore  recommended  to  have  an  excess  of  6  cc.  of  strong  hydro- 
chloric acid  in  the  final  bulk  of  200  cc.  of  solution. 

Arsenic,when  presentin  large  amount,sometimes  makes  trouble 
by  retaining  iron  in  the  ammoniacal  solution.  No  attention 
need  be  paid  to  arsenic  unless  its  presence  in  excess  is  thus  indi- 
cated. In  such  a  case  begin  anew  and  give  the  ore  a  prelimi- 
nary treatment  as  follows  : 

To  0.5  gram  of  ore  in  the  flask  add  10  cc.  of  strong  hydro- 
chloric acid  and  i  cc.  of  bromine.  Warm  very  gently  for  several 
minutes  to  decompose  the  ore  without  loss  of  bromine  and  then 
boil  rapidly  to  complete  dryness.  The  arsenic  will  thus  be  suf- 
ficiently expelled.  Now  add  the  potassium  nitrate  and  nitric 
acid  and  proceed  in  the  usual  manner. 

In  the  case  of  ores  that  are  free  from  cadmium,  or  where  cad- 
mium may  be  neglected,  the  copper  may  be  readily  precipitated 
without  the  use  of  hydrogen  sulphide  as  follows  :  After  neutral- 
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izing  the  ammoniacal  filtrate  from  the  insoluble  residue,  acidify 
with  an  excess  of  lo  cc.  of  hydrochloric  acid  and  add  about  30 
grams  of  granulated  test  lead.  Heat  nearly  to  boiling  and  stir 
the  lead  about  until  all  the  copper  is  precipitated.  Now  dilute 
to  200  cc.  and  titrate  as  described,  without  removing  the  lead 
and  precipitated  copper. 

Denver,  Colorado,  February  20, 1900. 
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A  NEW  BRIDGE  ARRANQEilENT  FOR  THE  DETERMI- 
NATION OF  ELECTROnOTIVE   FORCE  BY  AID  OF 
THE  LIPPHANN  ELECTRO/IETER. 

By  J.  I^iviNGSTON  R.  Morgan. 

Received  Februaxy  3, 1900. 

THE  two-bridge  arrangements  given  by  Ostwald*  for  the 
measurement  of  electromotive  force  by  the  aid  of  the  Lipp- 
mann  electrometer  are  the  only  two  at  present  in  use  for  pri- 
mary cells.  When  an  accumulator  is  used,  it  is  only  necessary  to 
connect  it  through  a  meter  of  manganine  wire  and  to  compensate 
the  cell  to  be  measured  by  a  fraction  of  the  source  taken  off  from 
the  wire  by  a  sliding  contact.*  If  a  primary  cell  were  used  in 
this  way  the  results  would  not  be  accurate,  owing  to  the  decrease 
in  the  electromotive  force  of  the  cell  due  to  the  small  resistance 
of  the  wire  (50  ohms  at  most).  Of  the  two  methods  in  which 
primary  cells  may  be  used  as  a  source,  we  may  say  that  each 
is  good  for  its  purpose  but  that  neither  is  of  general  utility. 
The  method  using  the  sliding  contact  as  already  described  for 
an  accumulator  necessitates  the  use  of  a  spool  at  one  end 
of  the  bridge  wire,  which  contains  thirteen  times  the  resis- 
tance of  the  bridge  wire.  In  this  way  the  cell  is  connected 
through  700  ohms  ( 14X  50)  so  that  its  electromotive  force  remains 
constant  during  the  operation.  By  this,  however,  the  drop  in 
potential  at  the  ends  of  the  wire,  with  a  Leclanch6  cell  (1.4  volts) , 
is  only  o.  i  volt,  so  that  nothing  larger  than  that  can  be  measured, 
unless  some  elaborate  device  is  provided  by  which  another 
known  electromotive  force  may  be  placed  against  the  one  to  be 

1  Hand-  und  Hilfsbuch  zur  Ausfuhrung  physico-chemischer  Messung^en,  25a-a53. 
3  Ostwald  :  Gniudriss  der  allgemeinen  Chemie,  3d  Bd.,  43I  (1899). 
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measured  so  as  to  make  the  difference  between  the  two  less  than 
o.  I  volt.  The  accuracy  of  the  arrangement,  however,  is  great, 
for  each  millimeter  represents  o.oooi  volt  if  the  electrometer  is 
sufficiently  delicate. 

In  the  other  method  the  cell  is  closed  through  a  resistance  box 
of  iocx>  ohms  provided  with  nine  coils  of  100  ohms  and  ten  of  10 
ohms  each.     If  the  Leclanch6  cell  is  cut  down  to  one  volt  by  a 
suitable   resistance,   then  each  of  the   lo-ohm  coils  represents 
o.oi  volt,  while  each  of  the  loo-ohm  coils  represents  o.  i  volt. 
By  means  of  two  plugs,  any  fraction  of  the  i  volt  may  thus  be 
placed  against  the  electromotive  force  to  be  measured  until  it  is 
compensated.     Thousandths  of  a  volt  may  be  approximated  by 
the  movement  of  the   meniscus  of  the  electrometer  in  oppo- 
site directions,  caused  by  the  connection  first  to  a  lo-ohm  coil 
which  is  just  too  high,  and  then  to  one  which  is  just  too  low. 
This,  however,  is  not  to  be  used  with  very  delicate  electrometers 
for  0.01  volt  may  cause  the  meniscus  to  go  out  of  the  field.     By 
the  box  method,  then,  it  is  possible  to  measure  any  electromo- 
tive force,  even  above  i  volt  if  a  battery  of  i-volt  cells  is  at  hand, 
with  an  accuracy  of  o.oi  volt  and  to  approximate  to  o.ooi  volt. 
We  see  then  that  the  two  methods  separately  give  satisfactory 
results,  but  that  it  is  inconvenient,  to  say  the  least,  to  measure 
anything  above  o.  i  volt,  with  an  accuracy  of  more  than  about 
0.002  volt.     The  object  of  this  paper  is  to  describe  a  method 
which  can  take  the  place  of  both  those  described,  and  measure 
directly,   if  the  electrometer  is  delicate  enough,  any  electromo- 
tive force  with  an  accuracy  of  o.ooi  volt,  and  can  also  be  used 
at  any  time  for  rougher  work  just  as  conveniently  as  the  box 
method. 

The  current  goes  first  through  a  box  in  which  there  are  13 
coils  of  wire  and  then  through  a  bridge  wire  of  manganine  ( i 
meter  X  o.i  mm.,  resistance  50  ohms).  Each  of  the  13  coils  is  of 
the  same  resistance  as  the  wire  on  the  bridge  and  may  be  made 
up  of  an  equal  length  of  the  same  wire  properly  insulated.  On 
the  wire  there  is  a  slider  which  is  always  in  contact  with  the  wire, 
while  any  number  of  the  13  coils  can  be  brought  into  use  in  the 
same  way  as  in  the  case  of  the  box  already  mentioned.  By 
this  arrangement  we  have  what  is  practically  a  bridge  14  meters 
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long  of  which  the  one  meter  laid  out  can  be  made  any  fourteenth 
from  I  to  14.  The  wire  from  the  plug  on  the  coils  and  the 
one  from  the  sliding  contact  are  treated  just  as  those  on  the  box 
are  (see  figure)/  To  make  a  determination,  the  slide  on  the 
wire  is  placed  at  one  end  and  the  plug  connected  with  the  coils 
is  moved  until  one  post  gives  too  great  an  electromotive  force 
while  the  one  next  below  it  gives  too  small  a  one.  The  plug  is 
then  left  on  this  lattdr  and  the  sliding  contact  on  the  bridg^e  wire 


£arth. 


is  moved  until  the  meniscus  in  the  electrometer  is  motionless  when 
the  key  is  pressed.  To  the  number  opposite  the  coil,  is  then 
added  the  same  number  of  ten-thousandths  as  there  are  milli- 
meters in  the  reading  on  the  bridge.  This  number  when  mul- 
tiplied by  the  total  drop  of  potential  at  the  connections  to  the 
lycclanch^  gives  the  value  in  volts.  Possibly  the  use  of  a  storage 
cell  in  the  way  described  is  to  be  preferred;  although  these 
cells  are  uncertain  as  a  rule  in  their  results,  still  this  method 
just  described  has  received  a  good  trial  and  can  be  recom- 
mended whenever  a  primary  cell  is  to  be  used. 


[Contribution  from  the  Laboratory  op  Anai«yticai«  and  Applied 

Chemistry,  University  of  Michigan.] 

THE  THERMOCHEMISTRY  OF  IRON  AND  STEEL. 

[a  withdrawal.] 

BT  B.  D.  Cakpbbll. 

Receired  February  94, 1900. 

IN  1897  I  published  in  connection  with  Mr.  F.  Thompson  an 
article  entitled  **  A  Preliminary  Thermochemical  Study  of 
Iron  and  Steel."*  In  this  article  some  of  the  results  given  were 
so  unusual,  that  it  was  deemed  desirable  to  continue  the  work 
along  the  same  lines  of  investigation.  The  work  was  taken  up 
again  in  the  autumn  of  1897  ^y  ^^-  ^*  ^-  Hartman.  The  first 
experiments  undertaken  were  to  verify  the  results  reported  in 
our  first  paper  as  having  been  obtained  by  Mr.  Thompson.  Mr. 
Hartman  was  unable  to  duplicate  the  results  obtained  by  Mr. 
Thompson  and  as  a  result  of  this  I  published  **  A  Correction,** 
in  this  Journal.' 

During  the  past  two  years  my  three  assistants,  Messrs.  W.  E. 
Hartman,  Carl  Sundstrom,  and  £.  C.  Champion  have  worked 
independently  in  an  effort  to  explain  the  very  unusual  results 
reported  in  our  first  paper.  Our  efforts  have  been  towards  elimi- 
nating the  sources  of  error  as  much  as  possible  ;  to  this  end  the 
calorimeter  employed  has  been  improved  in  many  of  its  mechani- 
cal details,  the  time  of  solution  has  been  reduced  to  usually  less 
than  four  minutes.  The  rate  of  loss  by  radiation  for  each  o.i® 
has  been  determined  as  well  as  the  slight  gain  in  heat  due  to 
oxidation  of  cuprous  chloride  by  dissolved  air.  With  the  most 
careful  manipulation  the  difference  between  duplicate  determi- 
nations could  be  kept  down  below  i  per  cent,  of  the  observed 
amount. 

The  first  experiments  undertaken  were  to  determine  the  influ- 
ence of  the  amount  of  free  hydrochloric  acid  in  the  solution  of 
ammonium  cupric  chloride  employed.  An  interesting  fact  was 
developed  at  this  point;  it  was  found  that  if  pure  carbide  of  iron, 
(CFe,)^,  isolated  by  electrolysis  from  annealed  steel,  was  added 
to  neutral  ammonium  copper  chloride  there  was  little  or  no  action, 
the  thermometer  in  the  calorimeter  rising  less  than  0.01°  C.  in 
five  minutes;  if,  however,  the  ammonium  copper  chloride  solution 

I  This  Journal,  19,  754- 
3  Ibid.,  90,  78. 
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contained  0.09  per  cent,  of  free  hydrochloric  acid,  there  was 
marked  action,  and  with  0.46  per  cent,  of  free  hydrochloric  acid, 
solution  of  I  gram  of  carbide  was  complete  in  two  minutes. 

Other  experiments  were  made  with  increasing  amounts  of* 
free  hydrochloric  acid  up  to  4  per  cent. ,  the  amount  used  in  our 
previous  work,  and  although  ,it  was  found  that  some  free  hydro- 
chloric acid  is  necessary  in  order  to  obtain  complete  and  rapid 
solution,  the  amount  of  free  acid  up  to  4  per  cent,  did  not  appre- 
ciably influence  the  amount  of  heat  evolved ;  practically  all  of 
the  iron  was  dissolved  by  its  reaction  with  cupric  chloride  and 
not  by  direct  solution  in  hydrochloric  acid.  The  solution  finally 
adopted  for  all  of  the  later  work  contained  0.84  per  cent,  of  free 
hydrochloric  acid. 

The  difficult  solubility  of  carbide  of  iron  in  neutral  ammonium 
cupric  chloride  will  easily  account  for  the  results  obtained  by 
Osmond  quoted  in  our  first  paper.  These  results  go  to  show 
that  if  steel  be  quenched  or  cold-rolled  the  heat  of  solution  is 
thereby  markedly  increased.  The  effect  of  heating  and  quench- 
ing steel  as  well  as  of  cold-rolling  is  to  render  the  carbide  much 
more  easily  soluble  in  neutral  solution  than  when  existing  in 
annealed  metal. 

The  results  of  the  experiments  carried  on  during  the  past  two 
years  by  Messrs.  Hartman,  Sundstrom,  and  Champion  have 
agreed  with  each  other  within  the  limits  of  experimental  error. 
These  results  all  go  to  prove  that  the  heat  of  solution  of  steel 
determined  in  slightly  acid  ammonium  copper  chloride  is  not 
varied  at  the  outside  more  than  2  per  cent,  by  variation  in  the 
heat  or  mechanical  treatment  of  the  sample  nor  by  variations  in 
chemical  composition  within  the  limits  of  ordinary  steel. 

In  view  of  these  later  experiments  it  must  be  acknowledged 
that  the  results  reported  in  our  first  paper  have  no  foundations 
in  fact,  and  I  would  therefore  request  that  they  be  considered, 
if  possible,  as  withdrawn. 

I  regret  that  results  of  experimentation  which  have  not  been 
confirmed  by  a  second  worker,  should  have  been  published  from 
this  laboratory.  • 

Ann  A&bor,  Mich.,  February  lo,  1900. 

[Editoriai,  Note  :  It  would  be  unfair  to  print  the  above  without  remind- 
ing the  reader  that  Dr.  Campbell's  eyesight  was  destroyed  several  years 
since  in  a  laboratory  accident,  and  in  consequence  he  has  since  then  been 
entirely  dependent  upon  others  in  this  respect]. 


[Contribution  from  the  Department  of  Food  and  Drug  Inspection 
OF  THE  Massachusetts  State  Board  of  Heai«th.] 

POREIQN  COLORING-MATTER  IN  MILK. 

By  Albert  K.  Leach. 

Received  March  15, 1900. 

THE  employment  of  artificial  color  by  dishonest  dealers  to 
improve  the  appearance  of  milk  has  been  practiced  for 
many  years,  and  while  by  no  means  as  prevalent  now  as  formerly, 
by  reason  of  the  stringent  laws  passed  by  various  states  regula- 
ting the  sale  of  milk,  the  practice  even  to-day  is  by  no  means 
rare.  Even  in  Massachusetts,  which  of  all  states  is  foremost  in 
prosecuting  the  milk  laws,  artificially  colored  milks  are  occa- 
sionally found.  Statistics  of  the  Massachusetts  State  Board  of 
Health  show  that  out  of  23,098  samples  of  milk  collected  through- 
out the  state  and  analyzed  during  five  years  (from  1894  to  1898 
inclusive),  151  samples  or  0.6  per  cent,  were  found  to  contain 
foreign  coloring-matter.  Of  these  samples,  about  88  per  cent, 
contained  annatto,  approximately  10  per  cent,  were  found  with 
an  aniline  orange,  and  about  2  per  cent,  with  caramel. 

Until  comparatively  recently,  annatto  was  employed  almost 
exclusively  for  this  purpose.  Caramel  is  least  desirable  of  all 
the  above  colors  from  the  point  of  view  of  the  milk  dealer,  in 
that  it  is  difficult  to  imitate  with  it  the  natural  milk  color  by 
reason  of  the  fact  that  the  caramel  color  has  too  much  of  the 
brown  and  too  little  of  the  yellow  in  its  composition.  Annatto, 
on  the  other  hand,  when  judiciously  used  and  with  the  right 
dilution,  gives  a  very  rich,  creamy  appearance  to  the  milk  even 
when  watered,  which  accounts  for  its  popularity  as  a  milk  adul- 
terant. Of  late,  however,  the  use  of  an  orange  aniline  has  been 
on  the  increase,  and  so  far  as  a  close  imitation  of  the  cream  color 
is  concerned,  it  is  quite  as  efficient  as  annatto. 

It  is.  unfortunate  for  the  milkman  that  artificial  color  of  any 
kind  is  not  analogous  to  the  natural  color  of  milk,  which  confines 
itself  so  largely  to  the  cream.  The  artificial  color,  on  the  con- 
trary, is  dissipated  through  the  whole  body  of  the  milk,  so  that 
when  the  cream  has  risen  in  a  milk  thus  colored,  the  underlying 
layers,  instead  of  showing  the  familiar  bluish  tint  of  skimmed 
milk,  are  still  distinctly  tinged  below  the  layer  of  the  fat,  espe- 
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cially  if  any  considerable  quantity  of  the  color  has  been  used. 
This  distinctive  appearance  is  in  itself  often  sufficient  to  direct 
the  attention  of  the  analyst  to  an  artificially  colored  milk  in  the 
course  of  handling  a  large  number  of  samples. 

The  addition  of  artificial  color  to  milk  is  in  most  instances 
employed  as  a  means  of  covering  up  evidences  of  watering,  but 
,  this  is  not  true  in  all  cases.  About  95  per  cent,  of  the  milks 
found  colored  in  Massachusetts  show,  on  analysis,  the  fraudulent 
addition  of  water.  On  the  other  hand,  an  orange  aniline  color 
was  found  by  the  writer  in  a  milk  containing  over  17  per  cent,  of 
total  solids,  a  conviction  being  secured  on  this  case  in  court. 

As  to  the  nature  of  the  orange  aniline  preparations  employed 
for  coloring  milk,  a  few  samples  of  these  commercial  ''milk 
improvers''  have  fallen  into  the  hands  of  the  Department  of 
Food  and  Drug  Inspection  of  the  Massachusetts  Board  of  Health, 
and  have  proved,  on  examination,  to  be  mixtures  of  two  or  more 
members  of  the  diazo  compounds  of  aniline.  A  mixture  of  what 
is  known  to  the  trade  as  **  Orange  G"  and  **  Fast  Yellow"  gives 
a  color  which  is  practically  identical  with  one  of  these  prepara- 
tions secured  from  a  milk  dealer  and  formerly  used  by  him. 

For  purposes  of  prosecution  or  otherwise  the  generic  name  of 
''  aniline  orange"  has  been  applied  to  this  class  of  dyes  in  milk, 
and  whatever  particular  mixture  has  been  employed  to  makeup 
the  color,  the  tests  which  are  given  below  have  never  failed  to 
detect  it  when  present  in  the  milk. 

The  general  scheme  employed  by  the  writer  for  the  examina- 
tion of  milk  samples  suspected  of  being  colored  is  as  follows : 
About  150  cc.  of  the  milk  are  curdled  by  the  aid  of  heat  and 
acetic  acid,  preferably  in  a  porcelain  casserole  over  a  Bunsen 
flame.  By  the  aid  of  a  stirring  rod,  the  curd  can  nearly  always 
be  gathered  into  one  mass,  which  is  much  the  easiest  method  of 
separation,  the  whey  being  simply  poured  off.  If,  however,  the 
curd  is  too  finely  divided  in  the  whey,  the  separation  is  effected 
by  straining  through  a  sieve  or  colander.  All  of  the  annatto  or 
of  the  aniline  orange  present  in  the  milk  treated  would  be  found 
in  the  curd,  and  part  of  the  caramel.  The  curd,  pressed  free 
from  adhering  liquid,  is  picked  apart,  if  necessary,  and  shaken 
with  ether  in  a  corked  flask,  in  which  it  is  allowed  to  soak  for 
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several  hours  or  until  all  the  fat  has  been  extracted  and  with  it 
the  annatto.  If  the  milk  is  uncolored,  or  has  been  colored  with 
annatto,  on  pouring  ofiF  the  ether  the  curd  should  be  left  perfectly 
white.  If,  on  the  other  hand,  aniline  orange  or  caramel  has 
been  used,  after  pouring  off  the  ether  the  curd  will  be  colored 
more  or  less  deeply  depending  on  the  amount  of  color  employed. 
In  other  words,  of  the  three  colors  annatto,  caramel,  and  aniline 
orange,  the  annatto  only  is  extracted  by  the  ether.  If  caramel 
has  been  used,  the  curd  will  have  a  brown  color  at  this  stage  ; 
if  aniline  orange,  the  color  of  the  curd  will  be  a  more  or  less 
bright  orange. 

The  ether  extract,  containing  the  fat  and  the  annatto,  if  pres- 
ent, is  evaporated  on  the  water-bath,  the  residue  is  made  alka- 
line with  sodium  hydroxide  and  poured  upon  a  small,  wet  filter, 
which  will  hold  back  the  fat  and,  as  the  filtrate  passes  through, 
will  allow  the  annatto,  if  present,  to  permeate  the  pores  of  the  fil- 
ter. On  washing  off  the  fat  gently  under  the  water  tap,  all  the 
annatto  of  the  milk  used  for  the  test  will  be  found  to  have  been 
concentrated  on  the  filter,  giving  it  an  orange  color,  tolerably 
permanent  and  varying  in  depth  with  the  amount  of  annatto  pres- 
ent. The  confirmatory  test  for  annatto  with  stannous  chloride 
may  afterward  be  applied  to  the  colored  filter,  producing  the 
characteristic  pink  color. 

The  fat-free  curd,  if  colored  after  the  ether  has  been  poured 
o£f,  is  examined  further  for  caramel  or  aniline  orange  by  placing 
a  portion  of  the  curd  in  a  test-tube  and  shaking  vigorously  with 
concentrated  hydrochloric  acid.  If  the  color  is  caramel,  the 
acid  solution  of  the  colored  curd  will  gradually  turn  a  deep  blue 
on  shaking,  as  would  also  the  white  fat-free  curd  of  an  uncolored 
milk,  the  blue  coloration  being  formed  in  a  very  few  minutes,  if 
the  fat  has  been  thoroughly  extracted  from  the  curd  ;  indeed  it 
seems  to  be  absolutely  essential  for  the  prompt  formation  of  the 
blue  color  in  the  acid  solution  that  the  curd  be  free  from  fat. 
Gentle  heat  will  hasten  the  reaction.  It  should  be  noted  that 
it  is  only  when  the  blue  coloration  of  the  acid  occurs  in  connec- 
tion with  a  colored  curd  that  caramel  is  to  be  suspected,  and  if 
much  caramel  be  present  the  coloration  of  the  acid  solution  will 
be  a  brownish  blue.     If  the  above  treatment  indicates  caramel, 
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it  would  be  well  to  confirm  its  presence  by  any  of  the  usual  tests 
on  a  fresh  sample  of  the  milk.* 

If  the  milk  has  been  colored  with  aniline  orange,  the  colored 
curd,  on  applying  the  strong  hydrochloric  acid  in  the  test-tube, 
will  immediately  turn  pink.  In  the  case  of  the  caramel,  the  color 
of  the  curd  itself  remains  unchanged,  the  solution  only  turning 
blue  and  that  gradually  ;  on  the  contrary  with  the  aniline  orange 
the  curd  itself  takes  the  pink  color  the  moment  the  acid 
touches  it.  If  a  large  amount  of  the  aniline  orange  has  been 
used  in  the  milk,  the  curd  will  sometimes  show  the  pink  colora- 
tion when  hydrochloric  acid  is  applied  directly  to  it,  before  treat- 
ment with  ether,  but  the  color  reaction  with  the  fat-free  curd  is 
very  delicate  and  unmistakeable. 

cSXTMMARY  OP  SCHKMB  FOR  COI.OR  ANAI^YSIS. 

Curdle  150  cc.  milk  in  casserole  with  heat  and  acetic  acid.  Gather  curd 
in  one  mass.  Pour  off  whey,  or  strain  if  curd  is  finely  divided.  Macerate 
curd  with  ether  in  corked  flask.     Pour  off  ether. 


Ether  Extract. 

Evaporate  off  ether,  treat  residue 
with  NaOH  and  pour  on  wetted  fil- 
ter. After  the  solution  has  passed 
through,  wash  off  fat  and  dry  filter, 
which  if  colored  orange,  indicates 
presence  of  annatto. 

(Confirm  by  SnCl,). 


Extracted  Curd. 

(i)  If  Colorless,  —  Indicates  pres- 
ence of  no  foreign  color  other  than  in 
ether  extract. 

(2)  If  Orange  or  Brownish, — Indi- 
cates presence  of  aniline  orange  or 
caramel.  Shake  curd  in  test-tube  with 
concentrated  hydrochloric  acid. 


If  solution  ^ro^/- 
ually  ttims  blue  ; 
indicative  of  cara- 
mel. 

(Confirm  by   test- 
ing for  caramel  in 
whey   of    original 
milk.) 


If  orange  curd 
immediately  turns 
pink  ;  indicative 
of  aniline  orange. 


THE   REPEATED   USE  OF  THE    DOUBLE  CHLORIDE   OF 

COPPER  AND  POTASSIUM  FOR  THE  SOLUTION  OF 

STEEL  OR  IRON  IN  ESTIMATING  CARBON.* 


Bt  Geo.  Wm.  Sarobnt. 
Received  March  to,  tgoo. 

N  the  Chemical  News,  Vol.  79,  p.  169,  which  appeared  April  14 
of  last  year,  there  is  an  article  headed  :  **  The  Estimation  of 

1  See  Nineteenth  Annual  Report  of  the  Mass.  State  Board  of  Health  (1887),  p.  183. 
s  Read  at  the  March  meeting  of  the  Philadelphia  Section  of  the  American  Chemical 
Society. 
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Carbon  in  Steel;  Apparatus  and  Materials,'*  signed  J.  T.,  in 

the  course  of  which,  it  is  stated,  that  the  copper  ammonium 

chloride  may  be  reused  as  many  as  eight  times,  provided  it  is 

oxidized  by  drawing  air  through  it  after  each  solution,  and 

provided  the  practice  of  allowing  the  sample  to  dissolve  over 

night,  is  adopted.     After  the  operation  had  been  repeated  four 

or  five  times,  there  was  a  decided  decrease  in  the  rate  of  solution 

and  the  speed  of  filtering,  therefore  it  was  practicable  to  use  it 

successively  but  three  or  four  times,  unless  the  solution  of  the 

drillings  was  made  in  neutral  copper  ammonium  chloride  by 

shaking  in  a  stoppered  flask,  when  upon  removing  the  carbon 

and  oxidizing,  the  clear  green  liquid  could  be  filtered  from  the 

iron  oxide  and  reused  ad  infinitem. 

Copper  potassium  chloride,  owing  to  its  freedom  from  organic 
matter,  has  supplanted  the  ammonium  salt.  Most  chemists  use 
the  former  in  a  hydrochloric  acid  solution,*  when  by  the  aid  of 
a  stirring  machine,  the  drillings  are  dissolved  in  less  than  an 
hour.     The  reaction  is  expressed  in  the  following  equation : 

Fe  +  CuCl,  =  FeCl,  +  Cu  and  Cu  +  CuCl,  =  Cu,Cl,. 

If  now  the  cuprous  chloride  be  oxidized  to  cupric,  there  is  no 
reason  why  the  double  chloride  solution  should  not  be  used 
repeatedly  until  the  accumulated  iron  salts  become  too  great. 
As  stated  above,  this  has  been  done,  but  the  time  consumed  in 
oxidizing  by  a  current  of  air  was  too  long, — several  days  of  an 
almost  continuous  current  of  air  through  a  liter  of  the  acid 
double  chloride  failed  to  completely  oxidize  the  copper  salt. 
The  source  of  my  air  current  was  a  filter  pump,  making  the 
waste  of  water  very  considerable. 

The  oxidation  was  then  attempted  by  the  electric  current 
using  a  cell  such  as  is  used  for  electrolytic  oxidations.  The 
result  was  fairly  satisfactory,  3  quarts  being  oxidized  in  two 
days'  time ;  but  both  these  methods  yield  the  cupric  chloride  at 
the  expense  of  the  hydrochloric  acid : 

O  +  2HCI  +  Cu,Cl,  =  H,0  +  2CuCl,  and  2HCI  +  Cu,Cl,  =  H, 

at  the  cathode  and  cupric  chloride  at  the  anode.  Not  knowing 
the  quantity  of  acid  consumed  in  the  oxidation,  without  keeping 
careful  account  of  the  drillings  and  solution  used,  it  would  be 

1  See  *'The  Chemical  Analysis  of  Iron,"  by  Blair. 
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difficult  to  tell  just  how  much  acid  should  be  added  after  each 
oxidation  in  order  to  have  the  double  chloride  of  thf  proper 
strength  for  the  next  solution.  Again  the  chlorine  formed  at 
the  anode  would  attack  it.  Therefore,  I  decided  to  try  the 
effect  of  chlorinating  the  solution  direct. 

The  result  has  been  most  agreeable.  At  the  present  time  we 
have  three  bottles  of  3  quarts*  capacity ;  in  the  one,  the  filtered 
double  chloride  ready  for  the  solution  of  the  drillings  is  kept ; 
the  second  receives  the  undiluted  filtrate  from  the  carbon,  while 
the  third,  filled  with  the  filtrates,  stands  in  the  comer  of  the 
hood  with  a  current  of  chlorine  gas  passing  through  it.  It 
requires  just  a  day  to  chlorinate  3  quarts,  and  that  is  about  the 
amount  consumed  each  day.  When  chlorinated  the  solution, 
instead  of  being  of  a  dirty  brown,  has  almost  the  original  color  of 
copper  potassium  chloride.  After  standing  over  night  in  the 
hood  and  being  filtered,  the  objectionable  odor  of  chlorine  is 
gone  and  the  solution  is  again  ready  for  use.  The  chlorinated 
double  chloride  is  more  energetic  in  its  solvent  action.  In  some 
instances  the  solution  of  the  drillings  has  been  accomplished  in 
fifteen  minutes. 

As  many  as  eleven  solutions  have  been  made  with  one  quantity 
of  the  double  chloride,  and  the  time  required  for  the  eleventh 
solution  and  filtration  was  very  little  longer  than  for  the  first. 

The  following  results  were  obtained  by  the  successive  use  of 
the  same  solution : 

Number  of  times  the  double 
Number  of  Carbon.  chloride  solution  had  been 

sample.  Per  cent.  previously  used. 

17 - 0.864  None 

**    0.864  I 

1922 0.605  None 

"    0.614  2 

1930 0.755  None 

'*    0.752^  3 

1942  •  •  • « * 0.410  None 

**    0.411  4   » 

1944CX 1.608  None 

**    1.614  6 

1991 0.385  None 

**    0.384  7 

1969 * 0.613  None 

**    0.615  II 
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The  saving  effected  by  reusing  the  copper  potassium  chlo- 
ride solution  is  no  intonsiderable  amount,  especially  where  much 
of  the  salt  is  used.  Roughly  estimating,  i  pound  of  black  oxide 
of  manganese,  and  1.5  pounds  of  hydrochloric  acid,  are  suflBcient 
to  reconvert  3  quarts  of  the  double  chloride,  worth  about  $i.oo« 

Laboratory  op  the  Carpbntbr  Stbbi.  Co., 
Kbadino,  Pa.,  March,  1900. 


[Contributions  prom  the  Chbmicai«  Laboratory  of  Cask  Schooi,  of 

Appwhd  Scibnck,  No.  33.] 

ON  THE  DETERMINATION  OF  CARBON  AND  HYDROGEN 
BY  COMBUSTION  IN  OXYGEN  USING  COPPER  OXIDE.* 

Bfi  ChaRLbs  F.  Mabbrt  and  William  R.  Clymbr. 
Received  March  ts,  1900. 

IN  a  former  paper*  on  combustion  with  copper  oxide  it  was 
stated  that  some  experiments  were  in  progress  to  determine 
the  conditions  of  efficiency,  and  limits  of  accuracy  when  applied 
to  the  analysis  of  oils  containing  only  carbon  and  hydrogen. 

In  the  long  and  tedious  experience  in  the  analysis  of  the  great 

number  of  hydrocarbons  that  have  been  under  examination  in 

this  laboratory,  there  have  been  ample  opportunities  to  observe 

.  the  working  details  in  the  hands  of  a  large  number  of  operators 

who  have  served  at  different  times  as  assistants. 

The  difficulties  in  the  way  of  securing  results  with  oils  con- 
taining only  carbon  and  hydrogen,  that  will  calculate  closely  to 
100  per  cent.,  are  much  greater  than  with  substances  containing 
smaller  proportions  of  these  elements,  and  require  great  skill  and 
patience  on  the  part  of  the  operator. 

Our  experience  shows  that  copper  oxide  is  reliable  after  it  has 
been  brought  to  a  constant  condition  by  blank  trials.  The  gases 
that  are  evolved  in  the  combustion  of  some  of  the  hydrocarbons 
require  the  highest  temperature  in  presence  of  oxygen  that  can 
be  brought  to  bear,  without  too  great  strain  on  the  combustion 
tube. 

The  first  essential  is  a  drying  apparatus  that  will  remove  water 
and  carbon  dioxide  from  air  and  oxygen,  and  remain  in  good 
condition  without  too  frequent  renewal.     The  apparatus  now  in 

1  The  work  described  in  this  paper  formed  the  subject  of  a  thesis  by  Mr.  Clymer  for 
the  Degree  of  Bachelor  of  Science, 
s  This  Journal,  3o,  510. 
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use  in  this  laboratory  which  does  not  need  renewal  oftener  than 
once  in  a  year  or  two,  consists  of  two  pieces  of  combustion  tubing 
1.75  meters  long,  with  a  bend  30  cm.  from  one  end,  with 
an  angle  of  about  105°,  and  placed  on  the  wall  in  front  of  the 
combustion  furnaces.  One  of  these  tubes  for  air  and  another  for 
oxygen  are  nearly  filled  with  broken  glass  and  concentrated  sul- 
phuric acid.  A  second  set  of  tubes  are  filled  to  the  same  extent 
with  glass  and  a  40  per  cent,  solution  of  potassium  hydroxide, 
one  for  air  and  another  for  oxygen.  Air  is  supplied  from  a  large 
iron  tank  under  water  pressure  and  the  flow  is  regulated  by  a 
mercury  seal.  Oxygen  is  supplied  from  a  smaller  tank  under 
water  pressure  regulated  by  an  overflow. 

For  absorbing  water  from  combustion,  there  is  no  more  con- 
venient nor  efficient  means  than  concentrated  sulphuric  acid. 
One  point  must  be  borne  in  mind  and  that  is  the  retention  of 
carbon  dioxide  by  the  acid.  Since  it  is  well  known  that  concen- 
trated sulphuric  acid  dissolves  carbon  dioxide  to  the  extent  of  75 
per  cent,  of  its  volume,  some  experiments  were  made  to  ascertain 
just  the  conditions  necessary  to  avoid  retention  in  analysis. 

In  one  experiment  dry  carbon  dioxide  was  passed  for  one  hour 
through  2  cc.  of  the  acid  in  a  U-tube,  just  sealed  by  the  acid. 
Then  dry  air  was  passed  through  the  acid  for  two  hours,  when  the 
tube  was  found  to  have  gained  i  milligram  in  weight.  At  the 
end  of  another  hour  the  gain  was  reduced  to  0,0008  gram,  and 
at  the  end  of  the  third  hour  the  weight  was  just  the  same  as 
at  the  beginning  of  the  experiment. 

In  a  second  experiment  conducted  in  the  same  manner  the 
original  weight  was  reached  in  two  and  one-half  hours.  In  a 
third  experiment  a  larger  sulphuric  acid  tube  was  used  contain- 
ing 7  cc.  of  the  concentrated  acid.  After  passing  carbon  dioxide 
for  one-half  hour  and  air  for  one  hour  and  fifteen  minutes  the 
gain  in  weight  was  0.0075.  In  continuing  the  passage  of  air  at 
the  rate  of  500  cc.  per  hour  for  different  lengths  of  time  the  follow- 
ing results  were  obtained. 

Minutes.  Increase. 

15  0.0058 

15  0.0047 

15  0.0037 

I  hour  0.0029 

I  "  0.0018 

I  **  0.0018 

I  *'  o.oooi 
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It  was,  therefore,  only  after  air  had  been  passed  five  hours  that 
the  weight  was  reduced  to  the  original.  In  a  third  experi- 
ment a  potash  bulb  was  placed  in  front  of  the  sulphuric  acid 
tube,  and  carbon  dioxide  was  passed  one  hour,  and  air  for  one 
hour.  The  potash  bulb  was  now  attached  and  the  gain  in 
weight  (with  air)  compared  with  the  loss  in  the  acid  tube. 


Hour. 

I/>ss  in  acid  tube. 

Gain 

in  potash  tube. 

0.0014 
0.0008 
0.0005 
0.0002 

0.0014 
0.0007 
0.0005 
0.0002 

0.0000 

O.OOOI 

In  a  fourth  experiment,  carbon  dioxide  was  passed  for  one 
liour  through  2  cc.  of  acid,  then  air  for  one  hour,  then  air  for 
one  hour  more  and  weighed ;  the  gain  in  weight  was  0.0007 
gram.  Carbon  dioxide  was  then  passed  for  one  hour  and  air  for 
another  hour,  then  at  the  end  of  a  second  hour  the  weight  was 
0.0004  gram.  In  three  repetitions  the  gains  were  respectively 
0.0006,  0.0004,  and  0.0006  gram  showing  that  passing  air  the 
same  length  of  time  leaves  the  same  weight  of  carbon  dioxide  in 
the  acid.  These  experiments  indicate  that  when  a  small  volume 
of  acid,  2  to  3  cc,  is  used  with  the  large  volume  of  oxygen  and  air 
used  to  expel  carbon  dioxide  from  the  tube,  very  little  of  the  gas 
remains  dissolved  in  the  acid.  But  with  larger  volumes  of  the 
acid  there  is  danger  of  retention  of  carbon  dioxide. 

In  testing  the  capacity  of  sulphuric  acid  to  retain  moisture, 
moist  air  was  passed  through  2  to  3  ec.  of  the  acid  at  the  rate  of 
1 100  cc.  per  hour  for  four  hours.  At  this  rate  the  bubbles  can- 
not be  counted.  In  front  of  the  sulphuric  acid  tube  was  placed 
a  high  tube  filled  with  phosphorus  pentoxide  but  there  was  no 
gain  in  the  latter  tube.  There  is  therefore  no  danger  of  loss  in 
water  if  sulphuric  acid  is  used.  The  only  value  of  this  experi- 
ment was  to  ascertain  the  conditions  since  Morley  showed  several 
years  ago  that  sulphuric  acid  is  a  most  efficient  drying  agent. 
The  form  of  sulphuric  acid  tube  we  have  used  for  several  years 
has  a  bulb  for  collecting  the  greater  part  of  the  condensed  water 
which  is  poured  out  after  weighing.  The  forward  bend  of  the 
U  is  10  cm.  in  height  from  the  bottom  and  a  side  tube  is  attached 
for  connection  to  the  potash  bulb.  When  containing  3  cc.  of 
concentrated  acid,  and  0.2000  gram  water  is  weighed  in  each 
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combustion,  the  tube  may  be  safely  used  without  replacing 
the  acid  in  ten  or  twelve  combustions  and  probably  longer. 
That  sulphuric  acid  is  preferable  to  calcium  chloride  has  fre- 
quently been  shown,  since  the  best  fused  calcium  chloride  may 
contain  basic  chloride  which  retains  carbon  dioxide.  It  was 
shown  by  Winkler*  that  lime  in  the  chloride  cannot  be  com- 
pletely saturated  by  carbon  dioxide,  since  the  inside  of  the 
granules  remain  caustic  for  a  long  time. 

It  is  doubtful  whether  there  is  a  more  convenient  apparatus 
than  the  Geissler  potash  bulb  for  the  absorption  of  carbon  di- 
oxide, especially  if  the  substance  analyzed  consists,  for  the 
most  part,  of  carbon  and  hydrogen.  There  is  no  danger  of  loss 
of  carbon  dioxide  if  the  solution  of  33^  per  cent,  potash  be  not 
used  in  more  than  four  or  five  analyses.  But  there  is  danger 
of  loss  of  moisture  from  the  potash  bulb  unless  care  is  taken  to 
prevent  it. 

Some  experiments  were  made  to  ascertain  the  conditions  of 
safety.  In  one  experiment  the  calcium  chloride  tube  in  front  of 
the  potash  bulb  was  filled  with  freshly  fused  calcium  chloride, 
broken  to  the  size  of  grains  of  rice.  Air  was  passed  through  at 
the  rate  of  550  cc.  per  hour  with  no  loss  in  weight  of  the  potash 
bulb,  and  the  result  was  verified  by  placing  a  sulphuric  acid 
tube  in  front  of  the  calcium  chloride  tube  which  showed  no  gain 
in  weight.  Any  faster  rate  than  this  showed  a  loss  in  the  potash 
bulb  and  a  corresponding  gain  in  the  sulphuric  acid  tube.  On 
replacing  the  granular  calcium  chloride  with  other  more  finely 
ground,  in  a  slightly  longer  tube,  and  passing  air  at  the  rate  of 
1050  cc.  an  hour,  or  120  bubbles  a  minute,  there  was  no  change  in 
weights.  With  a  calcium  tube  of  common  length,  6  cm.,  a  rate  of 
880  cc.  per  hour  caused  a  loss  of  0.0004  gram  in  the  potash  bulb 
and  a  gain  of  0.0005  gram  in  the  sulphuric  acid  tube.  It  is 
therefore  safe  to  pass  500  cc.  per  minute  through  a  tube  filled 
with  freshly  fused  finely  granular  calcium  chloride.  Such  cal- 
cium chloride  may  be  used  in  a  considerable  number  of  analyses. 
This  rate  can  not  be  exceeded  in  the  combustion  of  oils  that  are 
in  part  or  all  volatile  without  decomposition,  or  that  yield  gas- 
eous products  in  burning.  But  this  rate  is  in  any  .sense  in 
excess  of  the  rate  of  evolution  of  gas  from  the  combustion,  since 
the  carbon  dioxide  is,  for  the  most  part,  immediately  absorbed  as 

1  Ztschr.  anal.  Chem.y  545,  z88a. 
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soon  as  it  meets  the  potash  solution.  By  replacing  the  fused 
calcium  chloride  with  phosphorus  pentoxide,  there  was  no  loss 
even  when  the  rate  exceeded  1000  cc.  per  hour,  or  120  bubbles 
a  second.  But  the  oxide  offers  no  advantages  over  the  fused 
chloride  in  ordinary  analysis. 

In  preparing  for  a  long  series  of  combustions  a  combustion 
tube  should  be  selected  that  promises  to  stand  50  to  100 
analyses,  since  it  requires  a  long  time  to  get  the  tube  and 
its  contents  and  connections  in  good  working  order.  A  long 
time  is  required  to  remove  all  the  volatile  impurities  from  the 
best  copper  oxide,  and  the  moisture  from  the  tube  and  oxide. 
Rubber  stoppers  are  the  only  means  for  satisfactory  connections, 
but  before  they  become  constant  in  weight  probably  some  of  the 
sulphur  must  be  volatilized  and  moisture  expelled.  It  is  there- 
fore necessary  to  test  carefully  all  parts  of  the  apparatus  by 
means  of  blank  experiments  in  the  beginning,  and  even  after  the 
apparatus  becomes  constant  it  is  well  occasionally  to  apply  a 
blank  test. 

In  conducting  analyses  of  such  bodies  as  the  high-boiling  con- 
stituents of  petroleum,  the  closest  attention  to  details  is  neces- 
sary. The  tube  must  be  as  hot  as  it  will  stand,  and  yet  not  hot 
enough  to  lessen  its  durability,  on  account  of  the  labor  involved 
in  getting  it  in  good  condition.  If  the  combustion  tube  be  filled 
with  oxygen  before  the  substance  is  inserted  and  the  rate  of 
volatilization  be  carefully  controlled,  any  hydrocarbon  may  be 
burned  in  a  furnace  with  20  burners.  Many  analyses  were  lost 
before  these  conditions  were  fully  understood.  In  view  of  the 
possibility  that  a  longer  combustion  tube  might  insure  complete 
combustion  and  shorten  the  time  of  the  analysis,  two  furnaces 
were  placed  together,  and  a  tube  nearly  two  meters  in  length  was 
used.  But  the  results  were  not  more  satisfactory  than  with  a 
tube  of  ordinary  length. 

As  a  general  summary  of  what  is  necessary  to  insure  desirable 
accuracy  in  such  determinations,  it  must  be  fully  understood  at 
the  outset  that  no  operation  in  analytical  chemistry  demands 
greater  precautions,  closer  attention  to  details,  or  more  skill  and 
patience  on  the  part  of  the  operator  to  insure  results  within  0.20 
per  cent,  of  the  maximum  100  per  cent,  in  substances  composed 
solely  of  carbon  and  hydrogen,  such  as  petroleum  oils. 
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In  view  of  the  great  amount  of  work  that  will  have  to  be  done 
in  determining  the  constitution  of  the  large  number  of  hydro- 
carbons with  high  molecular  weights  in  Pennsylvania,  California, 
and  other  petroleums,  it  would  be  a  great  advantage  if  a  method 
for  the  determination  of  carbon  and  hydrogen  could  be  devised 
that  would  avoid  the  tedious  routine  of  the  present  method.  But 
with  present  knowledge  of  this  subject  this  method  is  probably 
all  that  can  be  hoped  for.  The  Geissler  potash  bulb  and  the 
sulphuric  acid  tube  seem  to  be  as  convenient  forms  as  can  be 
devised  and  they  are  capable,  as  shown  above,  of  retaining  car- 
bon dioxide  and  water  with  as  rapid  delivery  as  is  consistent 
with  complete  combustion.  Rubber  corks  are  objectionable,  but 
they  are  the  only  convenient  and  reliable  means  of  connection 
available. 

We  have  tried  successfully  weighing  the  bulbs  full  of  oxygen, 
thus  avoiding  the  expulsion  of  oxygen  by  air.  But  since  the 
time  necessary  to  carry  forward  all  the  carbon  dioxide  is  equiva- 
lent to  that  necessary  to  displace  oxygen  by  air,  there  is  nothing 
gained  by  weighing  the  bulbs  filled  with  oxygen.  The  precau- 
tions necessary  to  insure  cleanliness  of  the  bulbs  and  constant 
conditions  of  moisture  and  temperature  in  weighing  must  be 
carefully  observed. 


CIDER  VINEGAR  :  ITS  S0LID5  AND  ASH. 

By  R.  K.  Dooltttle  and  W.  H.^Hbss. 

Received  March  x5,  xgoo. 

DURING  the  past  few  years  the  question  of  vinegar  adulter- 
ation has  received  considerable  attention  from  food  chem- 
ists. Heretofore  the  sophistication  has  consisted  almost  entirely 
of  the  sale  of  colored  distilled  vinegar  for  pure  fermented  apple 
juice.  As  distilled  vinegar  contains  little  or  no  solids  or  ash 
this  fraud  was  easily  detected  by  very  simple  determinations. 
During  the  year  1899,  however,  there  appeared  for  sale  on  the 
markets  of  this  state,  vinegar  containing  the  necessary  amount 
of  solids  and  ash  required  by  the  statute  for  cider  vinegar  ; 
but  on  ordinary  analysis  of  this  the  solids  and  ash  did  not 
have  the  usual  appearance  of  solids  and  ash  of  vinegar  from  pure 
apple  juice.     It  was  to  ascertain  the  character  of  these  vinegars 
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that  the  investigation  of  the  solids  and  ash  of  cider  vinegar  was 
made. 

THE  SOLIDS. 

The  solids  of  pure  cider  vinegar  consist  of  glycerol,  albumi- 
nous substances,  gums,  malic  and  other  organic  acids,  and  min- 
eral matter.     The  solids  of  pure  cider  vinegar  give  no  rotation 
with  the  polariscope  and  little  or  no  reducing  action  on  Fehling 
solution   after  the   customary  clarification  with  lead   acetate. 
Pure  cider  vinegar  gives  with  lead  acetate  a  heavy,  flaky,  light 
reddish  brown-colored  precipitate,  which  carries  down  with  it  all 
the  coloring-matter  leaving  the  solution  above  clear  and  nearly 
colorless.     For  analysis  of  solids  1000  cc.  of  pure  cider  vinegar 
was  evaporated  to  a  thick  sirup  on  a  water-bath  and  this  resi- 
due taken  up  several  times  with  distilled  water  and  the  water 
evaporated   off  to   remove   acetic   acid.      The  suspected    vin- 
egars were  treated  in  the  same  manner.     The  appearance  of  the 
solids  on  evaporation  should  be  noted.     Pure  cider  vinegar  sol- 
ids have  a  pleasant  baked  apple  odor  and  are  light  and  foamy  in 
appearance.     The  spurious  vinegars  gave  solids  like  molasses 
in  appearance  and  of  sharp  acid  odor.     These  residues  gave  the 
following  results  on  analysis  : 
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THE  ASH,  OR  MINERAL  MATTER. 

The  ash,  or  mineral  matter,-  of  pure  cider  vinegar  consists 
principally  of  potash  with  small  amounts  of  sulphuric  anhydride, 
phosphoric  acid,  alumina,  lime,  magnesia,  etc.  The  total 
amount  should  not  be  less  than  0.25  per  cent.  For  analysis,  100 
cc.  of  the  vinegar  are  taken  for  the  determination  of  the  total 
solids  and  ash  in  the  usual  way.  The  ash  is  dissolved  in  dilute 
hydrochloric  acid  and  quantitative  analysis  made  by  the  usual 
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method.  The  results  in  the  following  table  are  given  as  the 
average  composition  as  determined  by  a  large  number  of  analy- 
ses. The  suspected  vinegars,  Nos.  **i'*  and  **2,"  and  also  the 
ash  of  vinegar  made  by  repressing  moist  fermented  apple  pom- 
ace, are  given  for  comparison. 

Pure  cider  Apple  pom-  Vine- 

vineg^ar  ace  vinegar    Vinegar.  gar. 

ash.                       ash.                (i)  (i) 

Percent.  Percent.      Percent.  Percent. 

Calcium  Oxide  (CaO) 3.40  to    8.21  4.73  4.70  37.95 

Magnesium  oxide  (MgO)  •••     1.88  to   3.44  4.12  2.00  2.22 

Potassium  oxide  (K,0) 46.33  to  65.64  37.00  None  7.84 

Sodium  oxide  (Na,0) Trace  to  trace  Trace  49.71  Trace 

Sulphuric  anhydride  (SO,)  .     4.66  to  16.29  34.78  27.04  12.74 

Phosphoric  anhydride  (P2O5.     3.29  to   6.66  9.66  0.005  1.82 

Iron  oxide  (FcjO,) None  to  trace  Trace  Trace  1.60 

Carbon  dioxide,  loss,  etc." •       40.44  too  9.61  16.54  35-83 

The  results  of  these  analyses  plainly  showed  that  suspected 
vinegar  No.  i  was  composed  of  dilute  acetic  acid,  glucose,  and 
soda-ash.  Suspected  vifie^^ar  No.  2  was  a  mixture  of  acetic  acid, 
boiled  cider,  and  lime. 

I^ABORATORT  MICHIGAN  DAIRY  AKD  FOOD  DRPARTICBNT, 

March  12, 1900. 


NOTES. 

Tesl  for  Tin, — I  have  found  the  blue  color  produced  by  the 
action  of  stannous  chloride  upon  ammonium  molybdate  to  serve 
as  a  very  delicate  test  for  tin ;  and  have  had  my  students  use  it 
for  the  last  few  months  with  very  good  results.  In  working  this 
process  one  should  go  through  the  usual  separation,  filter  ofi  the' 
black  flakes,  dissolve  them  in  hydrochloric  acid,  then  take  a  few 
drops  of  this  solution  and  add  a  little  water  and  then  some  ammo- 
nium molybdate.     Blue  color  shows  the  presence  of  tin. 

To  determine  the  delicacy  of  the  test,  I  used  a  standard 
solution  of  stannous  chloride,  and  noticed  results  obtained  from 
thg  mercuric  chloride  and  ammonium  molybdate  tests. 

Strong  solution  of  SnCl,  gives  a  heavy  blue  precipitate;  with 
mercuric  chloride  a  heavy  white  precipitate. 

A  solution  of  Si^Cl,  containing  0.000021  gram  to  i  cc.  gives  a 
deep   blue  color ;    with  mercuric  chloride  a  faint  cloudiness. 

A  solution  of  SnCl,  containing  0.0000042  gram  to  i  cc.  gives  a 
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faint   blue  color  with   ammonium    molybdate;    with  mercuric 
chloride  not  even  a  trace  of  cloudiness. 

I  find  that  the  ammonium  molybdate  as  prepared  in  the  labora- 
tory gives  the  best  results. 

Allen  Rogers. 

Professor  C.  F.  Mabery  has  sent  to  the  Paris  Exposition,  at 
the  invitation  of  the  United  States  Geological  Survey,  150  spec- 
imens of  products  from  petroleum,  illustrating  the  composition 
of  Pennsylvania,  Ohio,  Canadian,  California,  South  American, 
and  Japanese  petroleums,  and  specimens  of  nitrogen  compounds 
from  California  petroleum,  and  sulphur  compounds  from  Cana- 
dian petroleum.  Other  specimens  illustrate  the  composition  of 
paraffin. 

NEW  BOOKS. 

Descriptivb  General  Chemistry.  By  S.  .E.  Tillman,  Professor  of 
Chemistry,  Mineralogy  and  Geology,  United  States  Military  Academy. 
Second  Edition.  New  York :  John  Wiley  and  Sons.  London :  Chap- 
man and  Hall.    24-429  pp.    8 vo.  cloth.     Price,  I3.00. 

This  book  was  written  to  meet  the  requirements  for  a  text- 
book on  chemistry  at  the  Military  Academy  at  West  Point.  It 
aims  to  give  in  compact  form  the  salient  facts  of  chemistry  that 
the  professional  soldier  ought  to  know.  The  time  available  for 
the  study  of  chemistry  at  the  Academy  is  a  little  less  than  two- 
hundred  hours,  so  that  in  order  to  cover  the  subject  but  a  very 
limited  amount  of  laboratory  work  can  be  undertaken.  The 
chief  aim  therefore  is  to  impart  to  the  student  the  necessary 
information,  rather  than  to  make  the  element  of  mental  disci- 
pline the  more  prominent  one.  Study  of  a  text-book  accom- 
panied by  recitations  and  experimental  and  explanatory  lectures 
together  with  a  small  amount  of  selected  laboratory  work  conse- 
quently make  up  the  course  pursued. 

The  book  is  divided  into  six  chapters  which  are  as  follows:  I. 
Essential  Principles  of  Chemistry,  pp.  1-58  ;  II.  AflSnity,  pp. 
59-81;  III.  Non-metals,  pp.  82-192;  IV.  Metals,  pp.  193-310; 
V.  Organic  chemistry,  pp.  311-356;  VI.  Applications  of  Chem- 
istry, pp.  357-411.  In  the  first  chapter  the  general  principles  of 
chemistry  are  stated,  while  in  Chapter  II,  the  law  of  mass  action, 
strength  of  acids  and  bases,  theory  of  solution,   electrolysis. 
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thermal  chemistry,  periodic  law,  etc.,  are  discussed.  All  this  is 
of  course  done  very  briefly,  and  in  connection  with  these  two 
chapters,  in  particular,  the  explanatory  lectures  mentioned  above 
will  no  doubt  be  very  essential.  Chapters  III  and  IV  are  not 
unlike  chapters  on  the  same  subjects  found  in  other  texts.  In 
the  45  pages  devoted  to  organic  chemistry  only  a  number  of  groups 
of  such  compounds  as  are  of  the  utmost  practical  importance  to  the 
particular  student  for  whom  the  text  is  intended  could  be  con- 
sidered. The  applications  of  chemistry  in  the  last  chapter 
include  calorific  value,  explosives,  fixed  oils,  dyeing,  and  the 
manufacture  of  glass,  pottery,  coal-gas,  beer,  distilled  liquorS: 
wine,  bread,  soap,  leather,  and  cheese.  While  this  chapter  is 
devoted  to  practical  applications  exclusively,  the  author  has  not 
neglected  to  seize  the  opportunities  of  pointing  out  numerous 
practical  applications  in  the  chapteis  preceding. 

The  author  has  earnestly  endeavored  to  incorporate  recent 
discoveries  and  theories  into  his  book.  While  his  statements 
are  generally  clear,  they  are  unfortunately  not  always  free  from 
inaccuracies.  Only  a  few  instances  of  this  will  here  be  men- 
«  tioned.  So  on  p.  69  the  author  neglects  to  point  out  that  the 
assumption  of  electrical  charges  on  the  ions  is  a  salient  part  of 
the  theory  of  electrolytic  dissociation,  but  simply  adds  in  a  foot- 
note that  the  ions  are  probably  electrically  charged.  On  p.  71 
heat  of  formation  is  confused  with  the  thermal  change  that 
accompanies  a  chemical  reaction.  On  p.  99  the  statement  is 
made  that  the  form  of  the  crystal  is  due  to  water  of  crystallization. 

The  book  as  a  whole  is  good  for  the  purpose  for  which  it  was 
written.  The  selection  of  the  topics  treated  (upon  which  so 
much  depends  in  a  case  like  this)  is  wise  ;  and  the  presentation 
is  good  considering  the  very  condensed  form  necessitated.  There 
can  be  no  doubt  that  the  book  will  meet  the  special  needs  of  the 
students  at  the  Military  Academy  better  than  any  other  text- 
book that  is  available  at  present. 

Louis  Kahlknbkrg. 

Leitfadbn  fur  dbn  Untbrricht  in  dbr  anorgaxischbn  Chbmib.    By 
Dr.  Joachim  Sperbbr.    Ziirich :  Verlag  von  E.  Speidel.    1899.    119  pp. 

This  is  the  first  part  of  an  extended  treatise  on  inorganic 
chemistry.  It  treats  of  the  usual  gaseous  elements,  the 
halogens,  and  the   non-metals.     The  author  has   applied  the 
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indactive  method  to  the  teaching  of  inorganic  chemistry.     From 
simple  and  well  chosen  experiments,  the  fundamental  principles 
are  derived.     Each  set  of  experiments  is  chosen  with  the  idea  of 
illustrating  some  particular  law,  and  is  given  in  advance  of  the 
statement  of  the  law  itself.     The  laws  of  definite  and  multiple 
proportions,  and  Avogadro's  law,  are  all  established  by  experi- 
ment before  the  detailed  study  of  the  elements  is  begun.     The 
order  in  which  the  separate  elements  are  taken  up  is  unusual. 
Beginning  with    hydrogen,    the    elements    fluorine,    chlorine, 
bromine,  and  iodine  are  studied,  and  then  their  hydrogen  com- 
pounds.   Subsequently  oxygen,  sulphur,  selenium,  and  tellurium 
are  taken  up,  and  followed  by  their  hydrogen  compounds.     Then 
comes  the  group  of  trivalent  elements,  nitrogen,  phosphorus, 
arsenic,   followed  by  the  tetravalent  carbon  and  silicon. 

The  statements  in  regard  to  the  occurrence,  preparation, 
properties,  and  uses  of  the  separate  elements  are  concise,  accurate, 
and  comprehensive.  Separate  theoretical  considerations  such 
as  the  dissociation  of  substances  by  heat,  the  determination  of 
molecular  weights,  etc.,  are  discussed  in  appropriate  places, 
which  tend  to  emphasize  them  and  to  show  their  applicability. 
The  book  contains  the  most  recent  discoveries.  The  illustrations 
are  frequent,  and  exceptionally  good.  Henry  Fay. 

Lexikon  der  Kohlenstoff  Verbindungen.  Von  M.  M.  Richter. 
Zweite  Auflage  der  **  Tabellen  der  Kohlenstoff-Verbindungen  nach 
deren  empirischer  Zuzammensetzung  geordnet."  Hamburg  und  Leip- 
zig :  Leopold  Voss  ;  New  York  :  G.  E.  Stechert.  pp.  about  3100. 
Price,  39  Lieferungen  at  M.  1.80  each. 

It  is,  apparently,  impossible  to  secure  the  adoption  of  a  uni- 
form system  of  nomenclature  for  carbon  compounds.  Indeed 
some  chemists  claim,  and  with  good  reason,  that  complete  uni- 
formity is  not  desirable.  It  becomes,  therefore,  every  year  more 
difficult  to  be  sure  of  finding,  in  chemical  literature,  what  is 
known  about  particular  compounds.  The  work  before  us  fur- 
nishes a  lexicon  of  the  carbon  compounds  arranged  in  accordance 
with  their  empirical  formulas.  The  order  is,  first,  that  of  the 
number  of  carbon  atoms,  second,  that  of  the  number  of  elements, 
third  that  of  the  elements  other  than  carbon  in  the  order  : 

H  O  N  CI  Br  I  F  S  P  Al Zr. 

The  only  exception  to  a  rigid  use  of  the  above  classification 
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is  in  the  case  of  salts,  which  are  given  under  the  corresponding 
acids  or  bases.  After  each  empirical  formula  is  given  the  per- 
centage composition  for  all  compounds  containing  only  carbon, 
hydrogen,  oxygen,  and  nitrogen.  Then  follows  a  list  of  all 
known  isomers  of  the  given  composition,  giving  meltings-points 
and  boiling-points,  references  to  the  literature,  and  finally  the 
volume  and  page  of  the  last  edition  of  '*  Beilstein  **  where  the 
compound  is  described.  The  number  of  compounds  included  in 
the  work  is  about  75,000,  while  the  last  edition  of  **  Beilstein  " 
includes  only  57,000. 

The  usefulness  of.the  principle  used  for  registering  organic 
compounds  is  so  apparent  that  it  has  been  adopted  for  the  in- 
dexes of  the  Berichte  and  of  Liebig*s  Annalen. 

The  literature  is  fully  covered  to  the  end  of  1898,  and  yearly 
supplements  are  promised. 

A  few  errors  have  been  detected,  but  mostly  where  confusion 
exists  in  the  literature  and  a  critical  knowledge  of  the  relations 
involved  was  necessary  to  avoid  mistake.  Even  such  errors  are 
probably  rare  and  will  seldom  cause  trouble  in  using  the  work. 

The  author  complains  that  the  failure  to  give  empirical  forma- 
las,  on  the  part  of  many  writers,  has  added  greatly  to  his  labors 
and  requests  that  such  formulas  be  always  given.  In  the  opin- 
ion of  the  writer  it  would  be  a  misfortune  if  this  request  should 
lead  to  the  use  of  fewer  structural  formulas.  The  needs  and 
advantage  of  the  average  reader  are  of  greater  importance  than 
the  time  of  the  lexicographer.  Wili^iam  A.  Noyes. 

The  Urine  and  the  Ci.inica.1,  Chemistry  of  the  Gastric  Contents, 
THE  Common  Poisons,  andMii^k.  By  J.  W.  Hoi*i.and,  M.D.,  Professor 
of  Medical  Chemistry  and  Toxicology,  Jefferson  Medical  College  of 
Philadelphia.  Sixth  edition,  revised  and  enlarged.  Philadelphia: 
P.  Blakiston's  Son  &  Co.     49  illustrations.     Cloth.     Price,  ji.oo  net. 

This  syllabus  for  the  laboratory  aims  to  guide  the  student  in 
the  chemical  examinations  that  are  of  service  to  the  physician. 
The  methods  are  much  the  same  as  may  be  found  in  similar 
works,  and,  while  in  many  instances  they  are  well  selected,  they 
include  certain  methods  that  might  better  be  omitted  or  replaced 
by  procedures  which  yield  results  of  clinical  value.  The  brief 
text  omits  much  information  that  would  add  materially  to  the 
work.  It  is  particularly  desirable  to  indicate  more  definitely  to 
what  use  the  results  obtained  by  the  various  methods  are  to  be 
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put  in  practice,  even  at  the  risk  of  adding  slightly  to  the  bulk  of 
tlie  text.  Unfortunately  misstatements  are  not  infrequent  and 
there  is  an  unusual  number  of  errors  in  the  references. 

E.  E.  Smith. 

AmvuAiRB  DU  Bureau  dbs  Longitudes,  pour  1  'An  1900.    Paris :  Gauthier- 
Villars.     iSmo.    800  pp.    Price,  1.85  francs. 

This  handy  little  annual  is,  as  its  name  would  indicate,  mostly 
concerned  with  astronomic  data.  The  first  three  hundred  pages 
are  devoted  to  calendars,  astronomic  phenomena  of  1900,  data  of 
all  kinds  concerning  the  sun,  moon,  earth,  planets,  stars,  and 
comets.  Then  follow  tables  of  various  weights  and  measures, 
moneys,  statistics  of  population,  territory  and  mortality  in  differ- 
ent countries.  These  are  followed  by  diverse  tables,  such  as 
magnetic  intensity  in  various  parts  of  Prance  ;  specific  gravities 
of  solids,  liquids  and  gases ;  acoustic,  optic,  and  electric  data. 

The  scientific  addenda  contain  a  well- written  article  of  thirty 
pages  on  **  electric  units,"  by  A.  Comu  ;  an  essay  of  over  eighty 
pages  on* 'dynamo-electric  machines'' also  by  Comu, concise  but 
satisfactorily  written,  and  a  short  essay  on  **the  new  gases  of  the 
atmosphere,"  by  Lippmann. 

Many  of  the  tables  concerning  physical  and  chemical  facts  are 
incomplete,  and  do  not  give  the  very  best,  latest  determinations. 
In  general,  the  French  determination  only  is  given,  whenever  a 
datum  has  been  determined  by  a  Frenchman,  and  bis  value 
stands  until  some  other  Frenchman  does  it  better.  This  may  be 
very  patriotic,  but  it  is  not  scientific,  or  good  sense. 

Visitors  to  Paris  this  year  will  be  interested  in  the  statement 
that  ''The  legal  time  in  France  is  that  of  the  observatory  of 
Paris,  and  is  that  recorded  by  the  dials  outside  the  stations,  the 
dials  inside  the  stations  being  several  minutes  later,  for  purely 
administrative  reasons  !"  J.  W.  Richards. 

Opticai,  Activity  and  Chemicai*  Composition.  By  Dr.  H.  Landoi^t, 
Professor  of  Chemistry  in  the  University  of  Berlin.  Translated  with 
the  author's  permission  by  John  McCrab,  Ph.D.  London  :  Whittaker 
and  Co.;  New  York  :  The  Macmillan  Company.     158  pp.    Price,  |i.oo. 

This  little  book  is  a  translation  of  the  eighth  chapter  of  the 
well-known  Graham-Otto  **  Lehrbuch  der  Chemie,"  which  has 
passed  through  several  editions.  This  eighth  chapter  was  con- 
tributed by  Professor  Landolt  who  is  the  great  authority  on 
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everything  connected  with  the  subject  of  the  optical  activity  of 
organic  compounds.  The  discussion  in  this  book  covers  briefly 
the  subject  of  optical  activity  in  general  and  the  relation  of  this 
activity  to  the  composition  and  structure  of  various  groups  of 
organic  compounds.  It  does  not  deal  with  the  practical  appli- 
cations of  polariscopic  methods  at  all,  this  larger  field  being 
fully  covered  by  the  important  work  of  the  author,  *  *  Das  optische 
Drehungsvermoegen  organischer  Substanzen,  und  dessen  prak- 
tische  Anwendungen,**  an  English  translation  of  which  is  now 
being  made  by  the  writer  of  this  notice. 

Dr.  McCrae*s  translation  is  an  extremely  clear  and  creditable 
one  and  the  book  will  undoubtedly  be  found  useful. 

J.  H.  Long. 

Chemisch-tbchnischb  Untbrsuchungsmethodbn.  Hbrausgbgebbn 
voN  Dr.  Gborg  Lunge.  Zweiter  Band.  143  Abbildungen.  Vierte 
Auflage.     Berlin  :  Julius  Springer,  1900.   xii  +  804  pp.    Price,  16  marks. 

This  volume  treats  of  Iron,  by  Th.  Beckert;  Other  Metals, 
Metallic  Salts,  Dr.  Pufahl;  Fertilizers,  Dr.  O.  Bottcher;  Fod- 
ders, Dr.  F.  Barnjtein;  Explosives,  O.  Guttmann;  Matches, 
Wladmirjettel;  Gas  Manufacture,  Ammonium  Compounds,  Dr. 
O.  Pfeiffer;  Coal  Tar,  Dr.  H.  Kohler;  Inorganic  Colors,  Dr. 
Gnehm.  In  such  a  wide  range  of  subjects  some  unevenness  in 
treatment  is  inevitable.  A  careful  examination  of  the  book 
shows  that  in  the  main,  the  work  has  been  well  done  though 
there  are  some  omissions  that  will  surprise  the  reader  familiar 
with  recent  practice.  For  example,  nothing  is  said  of  the 
methods  for  the  determination  of  phosphorus  in  steel  depending 
upon  the  reduction  of  molybdenum  in  the  yellow  precipitate  and 
its  determination  by  permanganate.  Cupric  ammonium  chloride 
only  is  mentioned  as  a  solvent  for  iron  in  carbon  determinations. 
No  reference  is  made  either  to  the  recent  improvement  in  Jones* 
reductor  or  to  Dr.  Shimer's  beautiful  combustion  method  now 
so  widely  used.     There  are  other  omissions  equally  serious. 

Rapid  methods  are  absolutely  essential  in  steel  laboratories 
where  the  bulk  of  such  work  is  done  and  any  treatment  which, 
like  this,  fails  to  give  them  proper  prominence  cannot  be  pro- 
nounced altogether  satisfactory. 

In  a  German  book  it  is  unusual  to  find  so  many  references  to 
American  improvements.     The  Gooch  crucible,  Hoskins'  gaso- 
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line  furnace,  Ricketts'  rubbing  plate,  and  Jones'  reductor  are  all 
mentioned  and  some  of  them  figured  and  there  are  numerous 
references  to  this  Journal,  to  the  Journal  of  Analytical  and 
Applied  Chemistry^  and  to  the  Engineering  and  Mining  Journal. 
Drown' s  method  for  silicon  is  described  as  *  *  Verf  ahren  von  Brown . ' ' 
One  feature  of  the  book  deserving  of  notice  is  the  reprinting 
of  the  most  useful  tables  on  separate  sheets.  These  are  placed 
at  the  end  of  the  book  to  be  torn  out  and  pasted  up  in  the  labora- 
tory if  desired.  The  mechanical  execution  of  the  book  is  excel- 
lent.    The  third  volume  is  promised  for  the  middle  of  1900. 

E.  H. 

The  Grambcar  of  Scibncb.  By  Kari,  Pibrson.  Second  edition  revised 
and  enlarged  with  33  figures.  London:  Adam  and  Charles  Black.  1900. 
New  York  :  The  Macmillan  Co.    8  vo.  xviii  +  548  pp. 

This  is  a  metaphysical  book  written  by  a  believer  in  scientific 
methods.  It  is  divided  into  twelve  chapters  and  an  appendix. 
The  chapters  are  entitled  as  follows :  Introductory ;  The  Fact$ 
of  Science ;  The  Scientific  Law ;  Cause  and  Effect — Probability  ; 
Space  and  Time ;  The  Geometry  of  Motion ;  Matter;  The  Laws 
of  Motion;  Life;  Evolution  (Variation  and  Selection);  Evolu- 
tion ( Reproduction  and  Inheritance);  The  Classification  of  the 
Sciences;  The  mechanical  execution  of  the  book  (printed  by  R. 
and  R.  Clark;  Edinburgh)  is  superb.  E.  H. 

Hlrmbntarv  Chemistry  for  High  Schools  and  Acadbmibs.  By 
Albbrt  It.  Arey.  C.  E.  Rochester  High  School.  New  York:  The 
Macmillan  Company.     1899.     xi  +  271  pp.     Price,  90  cents. 

There  seems  to  be  an  increasing  tendency  to  introduce  chem- 
istry into  the  secondary  schools  as  a  disciplinary  study.  This 
volume  is  offered  as  a  text-book  in  elementary  chemistry,  and  is 
an  attempt  to  present  the  subject  in  such  a  manner  as  to  develop 
the  student's  faculties  for  observation  and  interpretation.  This 
is  accomplished  by  making  the  book  a  laboratory  guide  as  well 
as  a  text-book.  Numerous  questions  on  the  text  and  the  lab- 
oratory experiments  are  found  throughout  the  book.  They 
have  been  intelligently  selected,  and  are  of  such  a  nature  that 
they  can  be  answered  only  by  direct  experiment  or  by  analog3^ 
Many  statements  of  facts  ha^e  purposely  been  omitted  so  that 
the  student  may  be  more  impressed  with  the  experiment.  The 
experiments  are  well  selected  and  well  arranged. 
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The  main  portion  of  the  book  treats  of  the  elementary  laws,  the 
preparation,  properties,  and  reactions  of  the  gases,  non-metals  and 
metals.  No  mention  of  the  periodic  law  is  made,  and  there  is  no 
attempt  to  show  the  striking  analogies  in  the  properties  of  the 
elements  and  their  compounds.  It  is  much  to  be  regretted  also 
that  there  is  little  mention  of  historical  names.  They  are  so  inti- 
mately connected  with  the  science  that  it  seems  a  great  pity  to 
have  dropped  them  almost  entirely.  The  author  has  introduced 
the  term  crith  as  the  weight  of  a  liter  of  hydrogen.  It  does  not 
aid  in  the  understanding  and  must  surely  lead  to  confusion. 

The  last  chapter  of  twenty-ftve  pages  treats  briefly  of  qualita- 
tive analysis.  In  the  reviewer's  opinion  this  portion  of  the  book 
should  have  been  devoted  to  the  study  of  the  preparation  of 
typical  inorganic  compounds.  The  prime  object  of  many  books 
of  this  class  is  to  prepare  the  student  to  make  separations.  While 
this  cannot  be  said  of  this  volume,  there  will,  nevertheless,  be  a 
strong  tendency  on  the  part  of  the  student  to  anticipate  qualita- 
tive analysis  on  account  of  its  presence  in  the  book. 

With  the  exception  of  the  criticisms  made,  the  book  is  to  be 
commended.  Henry  Fay. 

The  Theory  of  Ei^ectrolytic  Dissociation  and  Some  op  rrs  Applica- 
tions. By  Harry  C.  Jones,  Associate  in  Physical  Chemistry  in  Johns 
Hopkins  University.  New  York :  The  Macmillan  Company.  1900. 
Cloth.    xii-|-289pp.    Price,  |i. 60. 

This  book  contains  a  survey  of  the  earlier  physical  chemistry, 
an  account  of  the  origin  of  the  theory  of  electrol)rtic  dissociation 
together  with  a  presentation  of  the  evidence  supporting  the  same, 
and  some  of  the  important  applications  of  the  theory. 

Every  student  of  chemistry,  physics,  and  biology,  who  is  not 
already  well  acquainted  with  the  theory  of  electrolytic  dissocia- 
tion will  find  this  an  interesting  and  valuable  book  to  read. 
The  development  of  modem  physical  chemistry  is,  in  a  large 
measure,  intimately  connected  with  this  theory.  The  facts  that 
the  latter  has  been  able  to  explain  and  to  correlate  are  many ; 
and  above  all,  the  importance  of  the  stimulus  it  has  given  to 
research  can  hardly  be  overestimated. 

In  this  book  the  theory  of  electrolytic  dissociation  is  viewed 
in  its  most  favorable  light.  It  must  be  admitted,  however,  that 
during  the  last  year  or  two,  facts  have  begun  to  accumulate  which 


NEW  BOOKS.  229 

the  theory  cannot  explain.  Though  these  facts  have  developed 
mainly  from  a  study  of  non-aqueous  solutions,  yet  in  many 
instances  the  theory  finds  much  difficulty  in  explaining  the  facts 
in  case  of  aqueous  solutions,  especially  when  quantitative  data 
are  involved.  It  seems  at  present  that  even  before  thci  theory  of 
electrolytic  dissociation  will  have  found  its  way  into  regular 
chemical  text-books,  it  will  have  undergone  radical  modifica- 
tions from  its  present  form,  or  will  perhaps  have  been  superseded 
by  more  adequate  explanations.  I/OUis  Kahi^bnberg. 

Victor  v.  Richtbr's  Organic  Chemistry  or  Chemistry  of  the  Car- 
bon Compounds.  Edited  by  Prop.  R.  Anschutz.  Authorized  transla- 
tion by  Bdgar  F.  Smith,  Professor  of  Chemistry,  University  of  Penn- 
sylvania. Third  American  from  the  eighth  German  edition.  Vol.  II. 
CarbocycHc  and  Heterocyclic  Series.  Philadelphia ;  P.  Blakiston's  Son 
&Co.     1900.    67i*pp.     Price,  I3. 00. 

The  first  volume  of  this  work  was  reviewed  last  year.'  About 
the  only  adverse  criticism  which  could  be  made  of  the  completed 
work  is  that  the  theoretical  discussions  are  often  so  concise  that 
it  is  almost  impossible  for  beginners  to  comprehend  them.  It 
is,  however,  necessary,  in  a  book  of  this  character,  to  choose 
between  a  very  concise  style  and  the  omission  of  a  great  deal  of 
material  which  it  is  desirable  to  include.  The  book  is,  undoubt- 
edly, much  more  valuable  because  the  former  alternative  was 
chosen.  The  comprehensive  character  of  the  work,  considering 
its  size,  is  remarkable. 

In  discussing  Ladenburg's  prism  formula  for  benzene  on  page 
41  the  author  has,  apparently,  overlooked  the  fact  that,  since  the 
reduction  of  ortho  compounds  gives  derivatives  of  cyclohexane 
in  which  the  substituents  are  combined  with  adjacent  carbon 
atoms,  the  prism  formula  must  be  considered  as  positively  dis'* 
proved. 

Professor  Anschiitz  has  availed  himself  of  the  aid  of  other 
workers  who  are  specially  conversant  with  particular  fields  and 
has  so  secured  an  accuracy  of  presentation  which  a  single  author 
could  not  hope  to  attain.  W.  A.  Noyes. 

An  Introduction  to  Physicai,  Chemistry.    By  James  Wai^kbr,  Pro- 
fessor  of    Chemistry  in    University    College,  Dundee.    New  York: 
The  Macmillan  Company.     1899.  Svo.  Cloth,  x+335  PP-  Price,  I2.50. 
A  number  of  elementary  treatises  on  physical  chemistry  have 

^  This  Journal  ax,  708. 
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recently  appeared.  Although  Professor  Walker's  book  is  rather 
more  voluminous  than  other  works  on  the  same  subject  intended 
for  beginners,  it  does  not  pretend  to  give  a  complete  or  even 
systematic  survey  of  physical  chemistry.  Its  main  object  as 
expressed  by  the  author  is  to  be  explanatory  and  to  place  the 
student  in  a  position  to  profit  by  the  study  of  the  larger  systematic 
works  of  Ostwald,  Nemst,  and  van*t  Hoff. 

The    book  is    divided  into   27   chapters;  and,    thoug^h    the 
enumeration  is  somewhat  long,  there  is  perhaps  no  better  way  to 
convey  an  idea  of  the  contents  of  this  treatise  than  to  indicate 
the  subjects  of  these  chapters  together  with  the  number  of  pages 
devoted  to  each.     The  chapters  are  as  follows: — Units    and 
Standards  of  Measurement,  pp.  1-7 ;  The  Atomic  Theory  and 
Atomic   Weights,   pp.   8-21  ;  Chemical  Equations,  pp.   22-26; 
The  Simple  Gas  Laws,  pp.  27-29;  Specific  Heats,  pp.  3C^-37; 
The  Periodic  Law,  pp.  38-49 ;  Solubility,   pp.  50-59 ;  Fusion 
and  Solidification,   pp.  60-72 ;  Vaporization  and  Condensation, 
pp.  73-83  ;  The  Kinetic  Theory  and  Van  der  Waals'  Equation, 
pp.    84-96;    The    Phase    Rule,    pp.    97-116;  Thermochemical 
Change,    pp.    1 17-126;  Variation    of    Physical    Properties    in 
Homologous  Series,  pp.  127-135 ;  Relation  of  Physical  Properties 
to  Composition  and  Constitution,  pp.   136-147;  The  Properties 
of  Dissolved  Substances,  pp.   148-157  ;  Osmotic  Pressure  and 
the  Gas  Laws  for  Dilute  Solutions,  pp.  158-168 ;  Deductions 
from  the  Gas  Laws  for  Dilute  Solutions,  pp.  169-175;  Methods 
of  Molecular  Weight  Determinations,  pp.  176-192;  Molecular 
Complexity,  pp.    193-200 ;    Electrolytes  and   Electrolysis,  pp. 
201-216;    Electrolytic    Dissociation,    pp.    217-233;    Balanced 
Actions,  pp.   234-253  ;  Rate  of  Chemical  Transformation,  pp. 
254-265;  Relative  Strengths  of  Acids  and  Bases,  pp.  266-282; 
Equilibrium  between  Electrolytes,  pp.  283-295  ;  Applications  of 
the  Dissociation  Theory,  pp.  296-310;  Thermodynamical  Proofs, 

pp.  311-332. 

The  general  treatment  is  non-mathematical,  a  few  thermo- 
dynamical proofs  in  the  last  chapter  being  the  only  exceptions. 
The  book  really  includes  nearly  all  the  important  topics  usually 
taught  in  classes  in  physical  chemistry.  The  absence  of  a 
chapter  on  photochemistry  may  be  noted,  as  may  also  the  treat- 
ment of  Nernst*s  theory  of  the  E.  M.  P.  of  galvanic  cells.    The 
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order  in  which  the  subjects  are  considered  is  different  from  the 
usual  one.  Without  going  into  details  concerning  this  point,  it 
may  suffice  to  say  that  the  manner  in  which  the  separate  chapters 
are  written  is  such  as  to  weave  them  together  in  a  logical  way. 
The  author  seeks  to  have  the  student  connect  physical  chemistry 
with  his  previous  chemical  knowledge  so  as  to  make  the  new 
subject  of  real  use  to  him. 

Clearness  of  statement  characterizes  the  book  throughout. 
The  relative  amount  of  space  devoted  to  some  of  the  subjects  is 
perhaps  open  to  some  criticism ;  so,  for  example,  the  subject  of 
thermal  chemistry  is  treated  in  ten  pages.  The  author,  how- 
ever, does  not  intend  this  to  suffice  but  directs  the  student  to  the 
treatise  of  Muir  and  Wilson  on  this  subject. 

In  the  discussion  of  the  applications  of  the  dissociation  theory 
the  author  has  wisely  chosen  to  content  himself  almost  entirely 
with  a  merely  qualitative  treatment,  since  the  quantitative  side 
of  this  subject  (especially  whenever  it  involves  the  combination 
of  the  law  of  mass  action  and  the  theory  of  electrolytic  dis- 
sociation) leaves  much  to  be  desired. 

The  book  is  indeed  an  introduction  to  the  study  of  physical 
chemistry,  for  a  perusal  of  its  pages  will  give  the  student  a 
knowledge  of  general,  fundamental  facts  and  will  lead  him  to 
further  inquiry.  The  author  is  clearly  not  one  of  those  who 
believe  that  the  subject  of  physical  chemistry  is  already  in  a  high 
state  of  perfection  and  that  there  is  but  little  left  to  do  except  to 
fill  in  the  details.  It  is  to  be  regretted  that  the  book  does  not 
contain  more  references  to  original  articles. 

Louis  Kahi^enberg. 

Water  and  Watkr  Supplies.  By  Dr.  John  C.  Thresh.  Second 
revised  edition,  vii+438.  pp.  Philadelphia:  P.  Blakiston's  Son 
&  Co<    1900. 

Although  this  is  called  the  second,  revised  edition  of  this 
work,  it  is  an  exact  reproduction  of  the  1896  English  edition,  the 
only  revision  apparent  being  the  correction  of  typographical  and 
other  errors  in  the  first  edition.  It  is  nevertheless,  a  convenient 
handbook  on  water  supplies. 

The  first  part  of  the  book  treats  of  water,  its  composition, 
properties,  etc.;  the  various  sources  of  water  supplies,  as  rain, 
surface,  subsoil,  spring,  deep- well,  and  river  water;  the  amount 
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and  character  of  the  water  derived  from  ttiese  various  sources ; 
the  nature  and  source  of  the  impurities  that  may  gain  access  to 
these  different  waters ;  and  analyses  of  water  supplies  derived 
from  these  various  sources.  Then  follow  several  chapters  on  the 
quality  of  drinking-waters ;  the  effects  upon  health  of  impure 
waters;  the  interpretation  of  water  analyses;  the  pollution  of 
drinking-water;  the  self-purification  of  rivers.  The  purification 
of  water,  both  on  the  large  scale  and  for  domestic  purposes  is 
treated  of  in  subsequent  chapters. 

There  is  also  a  chapter  on  the  laws  relating  to  water  supplies 
as  comprised  in  the  different  special  acts  of  Parliament  with 
reference  to  the  powers  of  individuals,  towns  and  water  com- 
panies, and  likewise  the  various  restrictions  which  have  been 
raised  in  order  to  maintain  the  purity  of  natural  water  supplies. 

The  information  contained  in  the  book  is  drawn  from  the  large 
personal  experience  of  the  author  and  from  the  voluminous 
literature  on  the  subject.  In  this  respect  the  author  has  shown 
considerable  appreciation  of  the  experiences  of  American  investi- 
gators, especially  the  pioneer  work  performed  in  the  study  of 
filtration  of  water  and  sewage  by  the  Massachusetts  State  Board 
of  Health. 

In  discussing  the  interpretation  of  water  analyses  the  author 
states  that  *' Although  a  mere  analysis  cannot  guarantee  us 
purity  and  safety,  yet  it  very  frequently  can  reveal  to  us  impurity 
and  risk.  When  the  source  of  a  water,  upon  most  careful 
examination  by  an  expert,  is  found  to  be  free  from  all  danger  of 
pollution,  and  the  chemical  examination  proves  that  the  inorganic 
constituents  are  unobjectionable,  both  in  quantity  and  quality, 
and  that  organic  matter  is  absent  or  present  in  barely  appreciable 
amount,  then  safety,  so  far  as  human  foresight  can  be  trusted, 
may  be  guaranteed  ....  Chemical  analysis,  therefore,  has  its 
use ;  it  is  only  when  it  is  made  the  sole  arbiter  between  safety 
and  risk  that  it  is  abused,  and  is  liable  to  lead  to  errors  fraught 
with  most  disastrous  consequences.  Let  the  analysis  be  as  care- 
ful and  complete  as  possible,  but  let  the  results  always  be  inter- 
preted in  the  light  afforded  by  a  searching  examination  of  the 
source  of  the  sample.** 

At  the  close  of  the  chapter  he  says :     **  Bacteriological,  micro- 
scopical, and  chemical  examinations  must  always  be  associated 
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\7itl1  a  thorough  investigation  of  the  source  of  the  water,  to 
ascertain  the  possibility  of  contamination,  continuous  or  inter- 
mittent. Then,  and  then  only,  if  everything  be  satisfactory,  we 
may  be  justified  in  speaking  of  safety  and  of  freedom  from  risk ; 
but  where  either  bacteriolojgical,  microscopical,  or  chemical 
examination  is  unsatisfactory,  the  inquiry  into  the  history  of  the 
water  must  be  most  careful  and  complete,  and  a  guardedly-ex- 
pressed opinion  given  only  after  a  full  consideration  of  the  bear- 
ing of  the  one  upon  the  other." 

It  is  gratifying  to  read  such  positive  statements  with  regard  to 
the  analysis  of  water  for  sanitary  purposes  because  it  is  too  fre- 
quently the  case  that  either  the  chemist,  bacteriologist,  or  the 
microscopist,  or  each  of  these,  places  undue  value  upon  his 
results.  Quite  frequently  all  three  forms  of  examination  are 
necessary  to  form  a  definite  idea  as  to  the  relative  purity  of  a 
water.  The  author*s  iong  experience  as  an  analyst  and  medical 
ofiicer  of  health  renders  his  opinion  in  this  respect  all  the  more 
valuable.  D.  H.  Bergey. 

A  Treatise  on  Crystai^i^ography.  By  W.  J.  I^ewis,  M.A.,  Professor  of 
Mineralogy  in  the  University  of  Cambridge.  Cambridge  University 
Press.     8mo.    604  pp.     Price,  14  shillings,  net. 

This  is  one  of  the  most  pretentious  treatises  on  this  subject 
which  has  appeared  in  the  English  language.  The  important, 
and,  from  a  crystallographic  standpoint,  historic  chair  which  the 
writer  holds,  has  naturally  given  to  his  work  a  decidedly  conserv- 
ative tone,  from  which  many  modern  students  will  differ. 

There  are  ten  chapters  (140  pages)  dealing  with  the  general 
geometric  properties  of  crystals;  seven  chapters  (300  pages)  on 
the  different  systems ;  one  chapter  ( 100  pages)  on  twin  crystals ; 
and  two  short  chapters  on  **  divers  notations*'  and  goniometers, 
respectively. 

The  chapter  on  the  formation  of  crystals  is  fragmentary  and 
altogether  too  brief.  The  same  is  to  be  said  of  the  chapter  on 
"the  law  of  constancy  of  angle/'  **  Symmetry'*  is  introduced 
clumsily  but  illustrated  satisfactorily.  The  chapter  on  **  axial 
representation' '  is  somewhat  labored ;  many  of  the  points  could 
have  been  just  as  satisfactorily  proved  by  less  cumbersome  geo- 
metrical proof.  The  heavy  Euclidean  methods  are  tedious.  The 
chapter  on  zone-indices  and  relations  of  zones  is  well  stated,  and, 
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didactically,  is  perhaps  the  best  chapter  in  the  book  ;  the  chapter 
on  the  **  anharmonic  ratio**  is  also  well  done.  Two  chapters  on 
crystal  drawings  and  projections  are  satisfactory  except  for  some 
more  roundabout  proofs,  and  the  omission  of  all  reference  to 
gnomonic  projection — an  omission  much  to  be  deplored,  for  a 
projection  which  shows  all  zones  as  straight  lines,  instead  of 
great  circles,  is  surely  worthy  of  the  crystallographer's  best 
attention. 

The  chapter  on  **  The  Systems**  is  unphilosophically  written 
and,  from  a  non-English  point  of  view,  indefensible.  No  attempt 
is  made  to  explain  clearly  the  philosophy  of  the  matter.  No 
clear  proof  is  given  why  only  32  classes  of  forms  (Groth's) 
are  possible,  and  no  satisfactory  explanation  of  the  peculiarities 
of  the  systems  is  attempted.  The  fact  that  Dr.  V.  Goldschmidt* 
has/r(72/^^  the  unscientific  nature  of  Groth*s  classification,  and 
that  the  optical,  thermal,  electric  as  well  as  geometric  properties 
of  crystals  all  point  to  the  six  commonly  accepted  systems  as 
the  bases,  the  units,  the  fundamentals  of  crystal  classification, — 
all  this  is  overlooked.  The  old  notion  of  making  rhombohedral 
crystals  into  a  seventh  system  is  revived,  although  none  of  the 
physical  properties  of  such  crystals  differentiate  them  from  the 
hexagonal  system ;  and  further  yet.  Miller's  axes  of  reference 
are  retained  instead  of  substituting  the  Bravais,  which  are  uni- 
versally conceded  as  better  and  more  logical.  This  is  one  of  the 
worst  examples  of  unwise  conservatism  in  the  book. 

The  seven  chapters  on  the  systems  are  thoroughly  and  consci- 
entidusly  worked  out.  Particularly  praiseworthy  are  the  large 
number  of  actual  specimens  described  as  examples,  most  of  these 
being  descriptions  of  crystals  in  the  Cambridge  Museum.  The 
concrete  examples  thus  furnished  are  a  great  help  to  understand- 
ing the  text,  besides  being  valuable  crystallographic  data  in 
'  themselves. 

The  long  chapter  on  twinning  is  lucidly  written,  and  enriched 
by  drawings  and  data  concerning  many  interesting  specimens 
from  the  Cambridge  collections.   It  is  the  best  chapter  in  the  book. 

Taken  altogether,  it  is  a  good  exposition  of  old-school  crys- 
tallography, with  the  addition  of  Groth*s  classification,  rather 
unskilfully  presented.     The  details  of  crystal  forms,  calculations, 

1  Zischr.  Krys,^  January,  1899. 
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twins,  etc.,  are  well  done,  and  the  book  is  chiefly  valuable  to  the 
advanced  student  for  this  information.  For  beginners,  or  as  an 
introduction  to  the  main  principles  of  crystallography,  it  is 
unsuited,  for  it  is  not  sufiiciently  didactic  in  tone  nor  clear  in 
presentation,  while  making  the  primary  error  of  misconceiving 
the  fundamentals  of  crystal  classification. 

The  paper,  type  and  drawings  are    first   class,  the  binding 
rather  frail,  and  the  uncut  edges  an  abomination. 

Joseph  W.  Richards. 

Bbginsblbn  der  Scheikunde.  Door  M.  C.  Schuyten.  Antwerpen.  1889. 
pp.  no.    8  vo. 

The  author  of  this  little  volume,  who  is  professor  at  the 
Institute  for  Higher  Studies  in  Brussels,  as  well  as  at  the 
Technical  School  of  Antwerp,  has  prepared  for  elementary 
classes  a  book  on  the  rudiments  of  inorganic  chemistry  including 
chemical  analysis.  Naturally,  in  so  small  a  compass  some 
topics  have  to  be  treated  superficially  ;  thus  spectrum  analysis 
is  dealt  with  in  one  page  and  three  lines ;  half  a  page  is  given  to 
the  properties  useful  in  determining  minerals,  and  this  is 
followed  by  a  table  giving  the  names,  composition  and  chief 
properties  of  84  minerals. 

In  the  preface  the  author  explains  that  he  has  adopted  the 
sound  principle  to  *  *  go  from  the  known  to  the  unknown.  *  *  The 
book  is  excellently  printed,  a  variety  of  types  assisting  compre- 
hension. The  few  illustrations  are  sectional.  Questions  are 
introduced  to  aid  teacher  and  pupil. 

The  Kinetic  Theory  of  Gases.  Elementary  Treatise  with  Mathemat- 
ical Appendices.  By  Oskar  Emii,  Meyer.  Translated  from  the 
second  revised  edition  by  Robert  E.  Baynbs.  London,  New  York,  and 
Bombay  :  Longmans,  Green,  &  Co.  1899.  xvi  -|-  472  pp.  8vo.  Cloth. 
Price,  15  shillings. 

The  first  German  edition  of  this  treatise  appeared  in  1877,  the 
first  half  of  the  second  edition  in  1895,  ^^^  ^^^  second  half  in 
1899.  We  have  in  the  book  before  us  the  translation  of  the  com- 
plete second  edition. 

In  this  revised  edition  the  general  plan  of  the  first  edition  has 
been  followed.  The  book  is  divided  into  three  parts,  together 
with  six  mathematical  appendices.     The  subjects  treated  are  as 
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follows:  Part  I.  Molecular  Motion  and  Its  Energy,  pp.  3-145; 
Part  II.  The  Molecular  Free  Paths  and  the  Phenomena  Condi- 
tioned by  Them,  pp.  149-296;  Part  III.  On  the  Direct  Properties 
of  the  Molecules,  pp.  299-352.  The  mathematical  discussions 
connected  with  the  treatment  of  these  subjects  are  contained  in 
the  Appendices,  pp.  355-466;  they  make  no  claim  to  complete- 
ness. While  the  contents  of  the  book  are  limited  to  the  same 
general  range  of  phenomena  considered  in  the  first  edition,  an 
explanation  on  the  kinetic  theory  of  the  resistance  of  air  and  of 
the  reaction  of  a  jet,  together  with  an  investigation  concerning 
the  influence  of  the  dissociation  of  the  molecules  of  a  vapor  upon 
its  viscosity,  have  been  inserted. 

The  author  deserves  much  credit  for  the  manner  in  which  he 
has  worked  up  the  bulky  literature  of  the  subject  which  has  ac- 
cumulated during  the  past  two  decades.  The  translator  has 
provided  the  English  speaking  public  with  a  good  translation  of 
this  valuable  work.  He  has  not  added  anything  new  except  a 
few  foot-notes,  but  he  has  provided  an  index  that  is  an  exceed- 
ingly valuable  addition  to  the  book. 

Of  late,  criticisms  of  the  kinetic  theory  of  gases  have  frequently 
'been  heard,  and  it  has  even  been  charged  that  the  theory  has 
outgrown  its  usefulness  and  that  it  has  done  more  harm  than 
good.  Nevertheless  these  very  critics  still  gladly  reach  out  for 
the  kinetic  theory  whenever  it  can  be  used  to  explain  some  of 
their  own  pet  theories,  particularly  those  relating  to  the  analogy 
between  gases  and  solutions. 

English-speaking  scientists,  and  chemists  in  particular,  will  wel- 
come this  new  English  edition  of  Professor  Meyer's  excellent  book. 

The  work  of  the  publishers  is  very  commendable. 

Louis  Kahlenberg. 

Laboratory  Manual.  Experiments  to  Ii,i,ustrate  the  Elementary 

Principles  of  Chemistry.      By  H.   W.   Hillyer,  Ph.D.,  Assistant 

Professor  of  Organic  Chemistry  in  the  University  of  Wisconsin.    200 

pp.    New  York  :  The  Macniillan  Co.    1899.     Price  $1.90. 

The  '  *  book  is  written  for  the  use  of  college  students  of  general 

chemistry.  * '     The  first  and  much  the  larger  portion  of  the  book, 

(Part  I.)  is  devoted  to  the  preparation  and  properties  of  the 

elements  and   their    compounds ;    another    portion    (Part  II;) 

presents  a  limited  number  of  quantitative  experiments  for  the 
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verification  of  quantitative  laws :  the  appendix  contains  needful 
data  for  the  students'  use.  In  the  selection  of  experiments  the 
author  provides  for  beginners,  for  those  possessing  slight 
familiarity  with  the  subject,  and  for  those  who  have  had  a 
satisfactory  laboratory  course  in  the  preparatory  school.  The 
experiments  are  well  chosen  and  graded,  the  directions  are  care- 
fully stated,  and  the  questions  are  plainly  those  of  a  painstaking 
teacher.  The  directions  to  the  student  regarding  his  preliminary 
preparation  for  each  laboratory  exercise  are,  in  particular, 
excellent.    The  book  is  well  printed  and  excellently  bound. 

H.  P.  Tai^bot. 

Volumetric  Anai^ysis,  Speciality  Adapted  to  the  Requirements  of 
Students  Entering  for  the  Advanced  Practical  Chemistry  Ex- 
aminations of  the  Science  and  Art  Department.  By  John  B.  Cop- 
pock.  London  :  Whittaker  &  Co. ;  New  York  :  Macmillan  &  Co.  i2mo. 
pp.  92.    Price,  50  cents. 

The  nature  of  this  book  is  sufficiently  indicated  in  the  title. 
There  is  nothing  contained  in  it  worthy  of  special  mention.  It 
is  chiefly  notable  for  its  omissions.  Such  books  are  of  little 
value  except  to  those  who  wish  to  pass  an  examination  and  have 
no  further  interest  in  the  subject.  E.  H. 
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Leitfaden  fiir  den  Unterricht  in  der  anorganischen  Chemie.  Didaktisch 
bearbeitet  von  Dr.  Joachim  Sperber.  Erster  Teil.  Ziirick  :  Verlag  von 
H.  Speidel.     1899.     ^^^  PP*     Preis,  M  2.40. 

A  Description  of  Some  Chinese  Vegetable  Food  Materials  and  their  Nu- 
tritive and  Economic  Value.  By  Walter  C.  Blasdale.  Bulletin  No.  68, 
U.  S.  Department  of  Agriculture,  Washington,  D.  C.     1899.    48  pp. 

Preservatives  in  Canned  Foods.  Bulletin  No.  165.  8  pp.  Butter 
Adulteration.  Bulletin  No.  166.  12  pp.  The  North  Carolina  College  of 
Agricultural  and  Mechanical  Arts,  Raleigh,  N.  C.     1899. 

A  Treatise  on  Crystallography.  By  W.  J.  Lewis,  M.A.  Cambridge  : 
At  the  University  Press.     1899.    xii+612  pp.    Price,  14  shillings  net. 

The  Urine ;  and  Clinical  Chemistry  of  the  Gastric  Contents,  the  Com- 
mon Poisons,  and  Milk.  By  J.  W.  Holland,  M.D.  Sixth  Edition,  Re- 
vised and  Enlarged.  Philadelphia:  P.  Blakiston's Son  &  Co.  1899.  vii 
-t-i24  pp.     Price,  {i.oo. 

Index  to  the  Literature  of  Zirconium.  By  A.  C.  Langmuirand  Charles 
Baskerville.  City  of  Washington :  Published  by  the  Smithsonian  Institu- 
tion.    1899.    8vo.    29  pp. 
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The  Chemistry  of  Essential  Oils  and  Artificial  Perfumes.  By  Ernest  J. 
Parry.  London  :  Scott,  Greenwood  &  Co. ;  New  York  :  D.  Van  Nostraod 
Co.     1899.    viii+411  pp.     Price,  ^5.00. 

A  System  of  Instruction  in  Qualitative  Chemical  Analysis.  By  Arthur 
H.  Elliott  and  George  A.  Ferguson.  Third  Edition.  1899.  Published  by 
the  Authors.     115-119  W.  68th  St.,  N.  Y.  City.     155  pp.     Price,  I1.50. 

Trait6  de  la  Fabrication  des  Liqueurs  et  de  la  Distillation  des  Alcools. 
Par  P.  Duplais,  ain6.  Septi^me  ^ition,  enti^rement  refendue  par  Marcel 
Arpin  et  Ernest  Portier.  Tome  Premier — Les  Alcools.  613  pp.  8  fr. 
Tome  Second.  Les  Liqueurs.  606  pp.  10  fr.  1900.  Paris :  Gauthier- 
Villars.     Quai  des  Grands-Augustins,  55. 

The  Cost  of  Living  as  Modified  by  Sanitary  Science.  By  Ellen  H.  Rich- 
ards.   New  York  :  John  Wiley  &  Sons.     1899.     121  pp. 

Beginselen  der  Scheikunde.  Door  Dr.  M.  C.  Schuyter.  Antwerpen : 
Jos.  Ishoven,  Van  Straelenstraat,  8.     1899.     109  pp.    Price,  I1.50. 

Agricultural  Experiment  Station  of  the  University  of  Minnesota.  Bul- 
letin No.  63. — Miscellaneous  Analyses,  Composition  of  Tomatoes,  Pro- 
teids  of  Wheat  Flour.  50  pp.  Bulletin  No.  65. — Soil  Investigation.  84 
pp.     1899.    St.  Anthony  Park,  Minn. 

The  North  Carolina  Agricultural  Experiment  Station,  Twenty-sebond 
Annual  Report;  Bulletin  No.  152-163.  Contents. — Reports  of  officials; 
poultry  notes;  vinegar  adulteration  ;  the  adulteration  of  coffee  and  tea; 
baking  powders ;  the  adulteration  of  flour ;  mineraline ;  the  fertilizer 
control  for  1898 ;  horticultural  experiments  during  1896 ;  digestive  ex- 
periments ;  drinking  water ;  farming  in  North  Carolina ;  rational  stock 
feeding ;  the  flora  of  North  Carolina ;  preservatives  in  canned  foods ; 
butter;  poultry  experiments;  field  and  forage  experiments;  feeding  ex- 
periments and  milk  records.     lii-}-462  pp.    Raleigh,  N.  C. 

Lexikon  der  Kohlenstofl-Verbindungen.  Von  M.  M.  Richter.  Zweite 
Auflage  der  ''Tabellen  der  Kohlenstofl-Verbindungen  nach  deren  empir- 
ischer  Zusammensetzung  geordnet.**  Thirty  parts.  2000  pp.  Price,  M. 
1.80,  per  part. 

Petroleum  Series — Bulletin  No.  3.  The  School  of  Mines,  University  of 
Wyoming,  Laramie,  Wyoming.    32  pp. 

Water  and  Water  Supplies.  By  John  C.  Thresh.  Second  revised  edi- 
tion. Philadelphia:  P.  Blakiston's  Son  &  Co.  1900.  xv-f 438  pp.  Price, 
I2.00. 

Baking  Powders.  A  treatise  on  the  character,  methods  for  the  deter- 
mination of  the  values,  etc.,  with  special  reference  to  recent  improve- 
ments in  phosphate  powders.  By  Charles  A.  Catlin.  Published  by  the 
Rumford  Chemical  Works,  Providence,  R.  I.     1899.    44  pp. 

Water  and  Water  Supplies.  By  John  C.  Thresh.  Second  revised  edi- 
tion. Philadelphia  :  P.  Blakiston's  Son  &  Co.  1900.  xv-l-438  pp.  Price, 
I2.00. 
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Annnaire  pour  1*  An  1900,  public  par  le  Bureau  des  Longitudes.  Avec  des 
Notices  scientifiques.  628  pp.  Les  Machines  Gdn^ratrics  de  Courants 
^lectriqnes.  Par  M.  A.  Cornu.  89  pp.  Les  nouveaux  Gaz  de  TAtmos- 
phere.  Par  M.  G.  Lippmann.  15  pp.  Les  Travauz  au  Mont  Blanc  en 
1899.  Par  M.  J.  Janssen.  Sur  PApplication  de  TA^ronautique.  Par  M. 
J.  Janssen.  2  pp.  Discours  prononc^s  a  P Inauguration  de  la  Statue  de 
P61ix  Tisseraud.  19  pp.  Liste  des  Membres  qui  Composent  le  Bureau 
des  Longitudes.  37  pp.  Paris :  Gauthier-Villars,  quai  des  Grand s- 
Angustins,  55.     In  one  volume.     Price,  i  fr.  50  c. 

The  Kinetic  Theory  of  Gases.  Elementary  treatise  with  mathematical 
appendices.  By  Dr.  Oskar  Bmil  Meyer.  Translated  from  the  second 
revised  edition  by  Robert  B.  Baynes.  New  York  :  Longmans,  Green  & 
Co.    1899.     xvi  -f  472  pp.    I4.00. 

Elementary  Chemistry  for  High  Schools  and  Academies.  By  Albert  L. 
Arey,  C.  E.  New  York  :  The  Macmillan  Co.  1899.  xi  +271  pp.  Price, 
90  cents. 

Introduction  to  Physical  Chemistry.  By  James  S.  Walker,  D.Sc,  Ph.D. 
London  &  New  York :  The  Macmillan  Co.  1899.  x  +  335  pp.  Price, 
J2.50. 

Fifth  Annual  Report  of  the  Montana  Agricultural  Experiment  Station 
(Bulletin  No.  20).  34  pp.  Sheep  Feeding  (Bulletin  No.  2).  13  pp. 
Agricultural  Experiment  Station,  Bozeman,  Montana. 

Optical  Activity  and  Chemical  Composition.  By  Dr.  H.  Landolt,  Pro- 
fessor of  Chemistry  in  the  University  of  Berlin.  Translated  with  the 
Author's  permission  by  John  McCrae,  Ph.D.  New  York :  The  Mac- 
millan Co.     1899.    xi-|-i58pp. 

Dietary  Studies  of  Negroes  in  Eastern  Virginia  in  1897  and  1898.  By  H. 
B.  Prissell  and  Isabel  Bevier.  Bulletin  No.  71,  U.  S.  Department  of  Agri- 
culture, Washington,  D.  C. 

The  Theory  of  Electrolytic  Dissociation  and  Some  of  its  Applications. 
By  Harry  C.  Jones,  Associate  in  Physical  Chemistry  in  Johns  Hopkins 
University.  New  York :  The  Macmillan  Company.  1900.  xii  +  289  pp. 
Price,  $1.60. 

The  Slate  Belt  of  Eastern  New  York  and  Western  Vermont.  By  T. 
Nelson  Dale.  Extract  from  the  Nineteenth  Annual  Report  of  the  Survey, 
1897-98.  Part  III. — Economic  Geology.  Washington:  Government 
Printing  Office.     1899.     155  pp. 

Sheep  Feeding.  By  J.  H.  Stewart  and  Horace  Atwood.  Bulletin  No. 
61.  West  Virginia  Agricultural  Experiment  Station,  Morgantown,  W.  Va. 
"pp. 

A  Study  of  the  Effect  of  Incandescent  Gas-light  on  Plant  Growth.  By 
L.  C.  Corbett.  West  Virginia  Agricultural  Experiment  Station,  Morgan- 
town,  W.  Va.    24  pp.,  with  numerous  plates. 

Commercial  Feeding  Stuffs  in  the  Connecticut  Market.    Connecticut 
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Agricultural  Experiment  Station,  New  Haven,  Conn.     Bulletin  No.  130, 
January,  1900.    40  pp. 

Twenty-third  Annual  Report  of  the  Connecticut  Agricultural  Exper- 
iment Station  for  1899.     Parti. — Fertilizers.     New  Haven,  Conn.     92  pp. 

Victor  von  Richter's  Organic  Chemistry  or  Chemistry  of  the  Carbon 
Compounds.  Edited  by  Prof.  R.  Anschiitz  (assisted  by  Dr.  G.  Schroe- 
ter).  Authorized  translation  by  Edgar  F.  Smith,  Professor  of 
Chemistry,  University  of  Pennsylvania.  Third  American,  from  the 
Eighth  German  Edition.  Volume  II. — Carbocyclic  and  Heterocyclic 
Series.  Philadelphia :  P.  Blakiston's  Son  &  Co.  1900.  xvi  +  671  pp. 
Price,  I3.00. 

The  Elms  and  Their  Diseases.— Bulletin  No.  84.  25  pp.  with  plates. 
Commercial  Fertilizers. — Bulletin  No.  85.  53  pp.  Kentucky  Agricul- 
tural Experiment  Station,  Lexington,  Ky. 

Annuaire  de  PObservatoire  Muncipal  de  Paris,  dit  Observatoire  de 
Montsouris,  pour  TAnn^e  1900.  (Analyse  et  Travaux  de  1898.)  Meteo- 
rologie — Chemie — Micrographie.  Applications  a  1*  Hygiene.  Paris :  Gan- 
thier-Villars.     xii  -h  578  pp.    Price,  2  fr. 

A  Pocket-book  for  Chemists,  Chemical  Manufacturers,  Metallurgists, 
Dyers,  Distillers,  Brewers,  Sugar  Refiners,  Photographers,  Students,  etc. 
By  Thomas  Bay  ley.  Seventh  Edition,  revised  and  enlarged.  London : 
E.  &  F.  N.  Spon ;  New  York :  Spon  &  Chamberlain.  1900.  559  pp. 
Price,  $2.00. 

Volumetric  Analysis.  Specially  adapted  to  the  requirements  of  stud- 
ents entering  for  the  advanced  practical  chemistry  examinations  of  the 
science  and  art  department ;  also  th^  intermediate  science  and  prelim- 
inary scientific  examinations  of  the  University  of  London.  By  John  B. 
Coppock,  F.C.S.,  Inter.  B.Sc.  (Loud.).  London:  Whittaker  &  Co.;  New 
York;  The  Macmillan  Co.     1899.    92  pp.     Price,  50 cents. 

Analyses  of  Commercial  Fertilizers  and  Paris  Green.  Bulletin  of  the 
Agricultural  Experiment  Station  of  the  Louisiana  State  University  and 
A.  &  M.  College,  Second  Series,  No.  58.    90  pp. 

The  Work  of  the  Agricultural  Experiment  Stations  on  Tobacco.  Ab- 
stracted by  J.  I.  Schulte,  with  introduction  and  comments  by  Milton 
Whitney.  U.  S.  Department  of  Agriculture,  Report  No.  63.  Washington, 
D.  C.     1900.     48  pp. 
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NOTES  ON  SELENIUn  AND  TELLURIUM. 

Bt  Edward  Kbllbr. 
Rec«ived  March  a6, 1900. 

IN  a  paper  under  the  above  title,'  published  some  years  ago,  I 
pointed  out  the  difference  of  behavior  of  selenium  and  tellu- 
rium, in  the  dioxide  state,  towards  sulphur  dioxide  and  ferrous 
sulphate  in  solutions  of  hydrochloric  acid  of  various  strength. 
The  experiments  were  conducted  under  definite  conditions,  as 
stated  in  my  original  paper,  the  quantities  of  the  two  elements 
being  in  every  case  o.i  gram  each,  the  quantity  of  the  solution 
100  cc,  and  the  acidity  varying  from  0.5  to  100  per  cent.,  the 
pure  hydrochloric  acid  meaning  the  aqueous  product  of  i .  175  sp. 
gr.  Based  on  quantitative  determinations  of  the  two  elements 
precipitated  by  sulphur  dioxide  in  the  cold,  and  other  condi- 
tions as  already  stated,  the  conclusions  reached,  were  as  follows: 
Selenium  is  most  readily  precipitated  by  sulphur  dioxide  in 
strong  hydrochloric  acid.  This  precipitation  continues  to  be 
complete  until  an  acidity  of  25  per  cent,  is  reached,  the  solution 
being  allowed  to  stand  about  twenty  hours.  The  precipitation, 
within  that  time,  becomes  nil  at  an  acidity  of  approximately  3 
per  cent.    The  precipitation  of  tellurium  in  strong  hydrochloric 

1  TWi  Journal,  19,  771. 


242  EDWARD   KBLLER. 

acid  is  nil.  It  begins  with  an  acidity  of  about  80  per  cent,  (the 
time  of  standing  as  above),  becomes  complete  at  about  60  per 
cent.,  and  continues  to  be  so  until  the  acidity  is  reduced  to 
about  10  per  cent. 

On  page  774  of  the  paper  cited  is  found  the  following  remark : 
"  From  the  above  facts  we  learn  that  even  with  sulphur  dioxide 
in  a  hydrochloric  acid  solution  of  over  80  per  cent,  acid  a  sepa- 
ration is  possible"  (meaning  a  separation  of  selenium  and  tellu- 
rium). 

A  NEW  METHOD   OF   QUANTITATIVE  SEPARATION   OF  SELENIUM 

AND  TELLURIUM. 

That  selenium  is  more  readily  precipitated  by  sulphur  dioxide 
than  tellurium  has  long  been  known  and  the  principle  has  been 
practically  applied,  but,  it  seems,  never  to  quantitative  analysis. 
Since  the  publication  of  my  paper,  above  referred  to,  I  have  had 
occasion  in  numerous  instances  to  determine  the  two  elements  in 
copper  analysis,  and  I  have  in  all  cases  applied  this  hydrochloric 
acid-sulphur  dioxide  method.  When  working  with  a  Gooch 
filter  and  a  suction  pump  (filter-paper,  of  course,  cannot  be  used) 
this  separation  is  a  rapid  and  simple  one.  My  mode  of  opera- 
tion is  as  follows  :  100  grams  of  copper  with  from  2  to  4  grams 
of  ferrous  sulphate,  are  dissolved  in  400  cc.  nitric  acid  (sp.  gr. 
1.42)  and  the  nitrous  fumes  expelled.  This  solution,  after  dilu- 
ting and  cooling,  is  made  sufficiently  ammoniacal  to  dissolve  all 
the  copper.  After  boiling  and  settling,  the  ferric  hydroxide  con- 
taining the  selenium  and  tellurium  is  gathered  on  a  filter.  It 
must  be  freed  from  copper  by  washing  with  ammoniacal  water, 
redissolving  in  acid,  and  reprecipitation  with  ammonia  (repeat- 
edly if  necessary).  This  ferric  hydroxide  is  then  brought  into 
dilute  hydrochloric  acid  solution  (not  more  acid  being  used  than 
is  necessary  to  dissolve  the  precipitate),  and  hydrogen  sulphide 
passed  through  the  cold  liquid  until  saturation.  The  solution 
must  be  cold  to  retain  the  selenium  sulphide  in  soluble  form 
in  sodium  sulphide,  and  copper  must  be  absent  to  guard 
against  insoluble  cupric  selenide.  The  sulphides  are  filtered 
and  washed  and  digested  with  a  solution  of  sodium  sul- 
phide, which  latter  takes  up  the  sulphides  of  selenium  and 
tellurium.      The    solution,   after    filtering,    is   acidified    with 
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The  selenium  in  every  case  proved  to  be  free  of  tellurium  by 
its  complete  solubility  in  potassium  cyanide.  Nor  could  sele- 
nium be  detected  in  the  filtrates  with  ferrous  sulphate  by  either 
increasing  or  decreasing  the  strength  of  the  acid.  In  short,  the 
separation  is  complete. 

In  a  paper  by  Mr.  Victor  I^enher*  are  to  be  found  the  follow- 
ing remarks  :  *  *  When  sulphur  dioxide  is  brought  into  contact 
with  such  a  strong  solution,  selenium  should  be  precipitated  free 
from  tellurium  according  to  Keller.  When  sulphur  dioxide  was 
introduced  into  this  solution  a  red  precipitate  formed,  showing 
selenium  just  precipitated.  It  appeared  to  darken,  however, 
when  the  liquid  was  saturated.  On  boiling,  the  precipitate  ag- 
glomerated into  a  mass  which  much  resembled  selenium,  but  on 
separating  it  by  means  of  potassium  cyanide  it  was  found  to 
consist  of  3.2  grams  of  selenium  and  28.3  grams  of  tellurium. 
This  seems  to  indicate  that  tellurium  and  selenium  cannot  be 
perfectly  separated  by  sulphur  dioxide  in  strong  hydrochloric 
acid  solution.** 

Mr.  Lenher  worked  with  5  pounds  of  tellurous  and  selenous 
material.  He  does  not  mention  the  quantity  of  acid  he  used. 
His  conditions  were,  therefore,  probably  radically  different  from 
those  as  given  in  my  own  experiments. 

As  I  could  not  doubt  my  own  results  of  often  repeated  tests, 
nor  Mr.  Lenher's  assertions,  I  inferred  that  the  difference  in  the 
conclusions  arrived  at  must  be  due  to  the  difference  in  the  rela- 
tive masses  of  tellurium  and  acid  present  in  the  experiments, 
and  I  corroborated  this  by  a  few  simple  tests  :  The  oxides  of  o.i 
gram  of  selenium  and  5  grams  of  tellurium  were  dissolved  in 

1  **  Preparation  of  Metallic  Tellurium,"  This  Journal,  3X,  347. 
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100  cc.  of  90  per  cent,  hydrochloric  acid,  and  the  solution  satu- 
rated with  sulphur  dioxide.  The  precipitate,  after  standing 
about  twenty  hours,  contained  all  of  th^  selenium  with  2.1 
grams  of  tellurium.  In  the  subsequent  tests  the  acid  of  the 
same  streng^th  was  increased  each  time  by  50  cc,  the  quantities 
of  selenium  and  tellurium  remaining  constant.  The  quantity  of 
tellurium  decreased  in  each  successive  precipitation,  and  became 
nil  when  the  quantity  of  acid  reached  450  cc.  It  follows,  there- 
fore, that  to  obtain  a  perfect  separation  of  selenium  and  tellu- 
rium in  strong  hydrochloric  acid  solution  by  means  of  sulphur 
dioxide,  the  quantity  of  acid  must  be  about  100  times  that  of  the 
tellurium. 

Numerous  chemists  have  pointed  out  the  error  made  in  deter- 
mining tellurium  in  its  metallic  state,  it  being  due  to  slight  oxi- 
dation.    Mr.  F.  H.  D.  Crane*  found  this  error  to  be  from  0.3- 
0.6  per  cent,  over  the  correct  result,  when  no  precautions  were 
taken.  Criticism  for  using  this  method  in  industrial  practice  seems 
to  me  entirely  unjustified.  Although  accuracy  is  always  essen- 
tial, the  practical  chemist  must  be  able  to  discriminate  between 
accuracy  and  pedantry.     For  example :  Our  copper  rarely  con- 
tains as  much  as  o.oi  per  cent,  of  tellurium,  and  we  should  find, 
according  to  Mr.  Crane,  when  using  100  grams  of  copper,  from 
0.01003  ^o  0.01006  instead  of  o.oi  gram  of  the  element,  a  differ- 
ence absolutely  beyond  detection  and  of  no  importance  whatso- 
ever in  ordinary  work.     In  fact,  the  chemist  would  find,  in  prac- 
tice, that  with  more  scientific  methods  ±3  or  6  per  cent,  would 
often  be  far  from  covering  the  differences  between  his  own  dupli- 
cates, or  those  of  other  equally  conscientious  workers.      In  sub- 
stantiation of  this  I  need  only  refer  to  the  determination  of  small 
percentages  of  precious  metals,'  upon  which  large  commercial 
interests  depend.     With  silver,  which  occurs  in  larger  quantity 
than  tellurium,  determinations  often  differ  ±3  to  5  per  cent 
from  the  mean.     With  gold,  occurring  in  smaller  quantities, 
these  variations  rise  as  high  as  ±25  per  cent. 

Baltimoilb,  March,  1900. 

1  *'  A  Contribution  to  the  Knowledge  of  Tellurium,"  Dissertation,  Johns  Hopkins 
Umversity.  1898. 

<  "  Assays  of  Copper  and  Copper  Matte,"  TVan^.  A.I^M,  E.^  95,  250. 
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THE  ESTiriATION  OF  ALUfllNA  AND   FERRIC  OXIDE  IN 

NATURAL  PHOSPHATES.^ 

By  F.  p.  Veitch. 
Received  March  at,  xooo. 

THE  search  for  an  accurate  and  rapid  method  for  the  deter- 
mination of  ahimina  and  iron  oxide  in  the  presence  of 
phosphoric  acid  has  occupied  the  attention  of  analysts  for  years, 
and  many  methods  have  been  proposed  for.  this  difficult  opera- 
tion. It  may  be  said  generally  that  even  those  methods  that 
have  stood  the  tests  of  extended  use  have  not  escaped  severe 
criticism  ;  they  are  only  accurate  within  narrow  and  rigidly 
defined  limits  or  they  are  tedious  and  time-consuming. 

Aside  from  its  interest  from  the  scientific  point  of  view,  this 
subject  is  of  importance  in  its  technical  and  commercial  aspects. 
The  value  of  raw  mineral  phosphates,  which,  in  the  United  States 
alone,  for  the  year  1893,  Wiley  estimates  at  $4,157,070,*  is  de- 
termined largely  by  their  content  of  alumina  and  iron. 

In  phosphatic  slags  the  estimation  of  these  oxides  is  more 
difficult,  though  possibly  not  so  important. 

SOURCES  OP  error  IN  THE  OI.DER  METHODS. 

The  Glaser  alcohol,  the  acetate  with  its  various  modifications, 
and  the  caustic  alkali,  methods  as  carried  out  by  Lasne,  Licht- 
schlag.  and  by  Gladding,  have  all'  been  severely  criticized  and 
the  following  sources  of  error  pointed  out  by  various  observers:* 

I.  IntheGlaser  alcohol  method,  the  precipitation  of  manganese 
with  the  iron  and  aluminum  phosphates,  and  solubility  of  the 
phosphates  in  the  wash-water.  Probably  the  manganese  can  be 
eliminated  by  a  second  precipitation  in  the  presence  of  a  large 
amount  of  ammonium  chloride.  Possibly  the  presence  of  a  large 
amount  of  ammonium  sulphate  may  also  effect  the  accuracy  of 
this  method,  in  those  cases  where  the  excess  of  ammonia  is  com- 

1  Abstract  of  Thesis  presented  to  the  Faculty  of  the  Graduate  School  of  Columbian 
University  and  accepted  for  the  degree  of  Master  of  Science,  June,  1898.  Presented  t» 
the  American  Chemical  Society,  Boston  Meeting,  1898. 

>  U.  S.  Department  of  Agriculture,  Yearbook,  1894. 

>  Wiley's  "  Principles  and  Practice  of  Agricultural  Analysis,"  Vol.  II,  pp.  24,  eisfg. 
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pletely  removed  by  boiling.  Aluminum  phosphate  is  noticeably 
soluble  in  a  strong  sulphate  solution,  which  is  neutral  or  faintly 
acid  from  SO,. 

2.  In  the  acetate  method  and  its  variations,  the  precipitation  of 
the  lime  with  the  iron  and  aluminum  phosphates,  solubility  of 
aluminum  phosphate  in  cold  acetate  solutions,  solubility  and 
dissociation  of  iron  and  aluminum  phospha'tes  in  water,*  also 
when  the  phosphates  are  fused  with  sodium  carbonate,  and  the 
iron  determined  by  precipitation  with  ammonia,  the  contamina- 
tion of  the  iron  with  calcium  phosphate,  which  is  not  always 
entirely  decomposed  by  fusion.  Of  these  the  most  serious 
sources  of  error  are  the  first  and  the  last  mentioned. 

3.  In  the  caustic  alkali  methods,  there  is  danger  of  some  of  the 
aluminum  being  held  by  the  voluminous  precipitate  produced  by 
the  alkali ;  there  is  also  danger  of  alumina  being  precipitated  if 
much  carbon  dioxide  is  absorbed  ;  Lasne  and  Lichtschlag  have 
shown  that  while  the  method  is  long  it  gives  accurate  results  if 
properly  conducted.  Blaltner  and  Brasseur*  have  recently  inves- 
tigated the  more  important  methods  and  conclude  : 

"The  acetate  method  should  be  discontinued;  figures  for 
alumina  are  nearly  always  too  low." 

Glaser  method  (alcohol)  gives  accurate  results  in  the  absence 
of  manganese. 

The  caustic  soda  method,  as  carried  out  by  I^asne,  gives  exact 
results.     Gruber's  and  Gladding's  methods  are  condemned. 

In  view  of  these  many  sources  of  error  in  the  conventional 
methods,  considerable  time  has  been  devoted  to  the  study  of  a 
method  that,  it  is  hoped,  is  free  from  most  of  the  above-men- 
tioned objections.  It  is  an  adaptation,  so  far  as  possible,  of  the 
good  points  of  the  present  best  methods.  From  the  precipita- 
ting reagent,  it  may  be  designated 

THE  THIOSULPHATE   METHOD. 

The  use  of  a  soluble  thiosulphate  for  the  separation  of  alu- 
mina from  iron  and  aluminum  from  several  other  metals  seems  to 
be  due  to  G.  Chancel.'     Later  it  was  used  by  Stead  and  by  Car- 

1  CA^M.  Ztg.  (1897),  p.  264;  also  Presenius. 
«  Bull,  Soc.  Chim.  [3],  17,  z8»  No.  15. 
>  Compt.  rend.,  46, 98. 
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not;*  by  the  latter  for  the  separation  of  aluminum  as  phos- 
phate, in  the  presence  of  ammonium  acetate,  from  iron.  Lasne' 
also  uses  it  to  precipitate  aluminum  phosphate  in  the  presence 
of  ammonium  acetate,  after  removing  iron,  lime,  etc.,  with  caus- 
tic soda. 

From  the  available  literature  on  the  subject  it  seems  that  a 
method  based  on  the  separation  of  aluminum  phosphate  from 
iron  and  lime  by  a  thiosulphate  and  ammonium  chloride  alone, 
may  be  used  for  the  determination  of  aluminum  in  the  common 
natural  phosphates. 

Considerable  work  has  been  done  with  the  method  to  gain 
familiarity  with  it  and  to  test  its  applicability  under  various  con- 
ditions and  in  the  presence  of  various  salts.  For  this  work  a 
chemically  pure  aluminum  sulphate  was  prepared  in  which 
alumina  has  been  carefully  determined.  This  salt  was  used  for 
all  the  tests. 

The  preliminary  work  under  varying  conditions,  following  the 
method  as  laid  down  by  Chancel  and  by  Carnot,  did  not  always 
give  concordant  results,  frequently  being  low.  A  brief  study 
suggested  the  cause  of  this,  and  the  addition  of  a  considerable 
quantity  of  ammonium  chloride  led  to  much  better  results.  The 
principle  upon  which  the  method  is  based  is  the  insolubility  of 
aluminum  phosphate  in  a  strong  neutral  solution  of  ammonium 
chloride.  The  thiosulphate  has  nothing  to  do  with  the  precipi- 
tation, except  that  it  is  an  exact  method  of  obtaining  the  desired 
neutrality.  Thomson'  has  devised  a  method  in  which  he  makes 
use  of  this  principle,  neutralizing  with*ammonia,  using  a  delicate 
indicator  to  determine  neutrality. 

Study  of  the  Proposed  Method, — One  of  the  first  problems  pre- 
sented in  the  study  of  any  method  for  the  determination  of 
alumina  as  phosphate  is  the  composition  of  the  ignited  phosphate. 
Observers  do  not  agree  as  to  this.  While  all  agree  that  the  nor- 
mal phosphate  is  only  obtained  in  the  presence  of  an  excess  of 
phosphoric  acid,  they  do  not  agree  that  it  is  always  obtained, 
even  under  these  conditions.* 

1  Blair's  '*  Chemical  Analysit  of  Iron,"  second  edition,  185.  x86. 

^  Bull.  Soc.  CAiM..  15,  118. 

•y.  Soc.  Chem.  Ind.,  15,  868. 

4  Chem.  Ztg.  (1897),  pp.  264,  and  az,  116 ;  Wiley's  '*  Principles  and  Practice  of  Agri- 
cultural Analysis,"  Vol.  II.  p.  24  ;  Blair's  "Chemical  Analysis  of  Iron,"  second  edition, 
185 ;  8.  C.  Agr.  Bzpt.  Sta.,  Bull.  No.  a. 
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IVash  SoliUians, — It  seems  that  the  solution  of  this  problem 
can  only  be  obtained  by  a  study  of  the  solutions  used  in  wash- 
ing the  precipitate.  Besides  waters  of  all  temperatures,  solu- 
tions of  various  salts,  such  as  5  per  cent,  ammonium  nitrate, 
ammonium  chloride,  i  per  cent,  ammonium  nitrate  plus  0.02  per 
cent,  ammonium  phosphate,  and  dilute  ammonium  acetate,  have 
been  proposed  and  used  by  many  investigators.  These  various 
washes  possibly  account  for  the  variations  from  the  normal,  so 
frequently  noted.  In  the  brief  mention  of  some  of  the  observed 
sources  of  error  in  the  conventional  methods  it  was  shown,  by 
numerous  authorities,  that  the  recently  precipitated  phosphates 
of  iron  and  aluminum,  when  freed  from  adhering  salts,  are 
slightly  soluble,  or  rather  are  dissociated,  in  water  of  any  tem- 
perature. Those  who  have  apparently  used  water  successfully 
as  a  wash  probably  did  not  wash  enough,  only  three  or  four 
times,  to  remove  the  adhering  salts.  Cold  ammonium  or  sodium 
acetate  also  slowly  dissolves  aluminum  phosphate. 

The  effects  of  the  following  wash  liquors  have  been  studied  : 

Water  at  from  60**  to  70"  C. 

5  per  cent,  ammonium  nitrate  at  from  60**  to  70°  C. 

I   •*      '•  **  **       *'     *'     ed"  **  70**  C. 

5   **      "  **  **.     and  0.02   per  cent,  ammonium 

phosphate  at  from  60®  to  70®  C. 

Method  of  Study, — Various  quantities  of  the  C.  P.  aluminum 
sulphate  were  placed  in  a  12-ounce  beaker  with  a  solution  of  2 
grams  of  aojmonium  phosphate,  the  resfllting  precipitate  dis- 
sohed  in  hydrochloric  acid,  and  25  cc.  of  a  50  per  cent,  solution 
of  ammonium  chloride  added.  The  solution  was  then  made 
alkaline  with  ammonia  and  the  precipitate  just  dissolved  with 
hydrochloric  acid,  noting  approximately  the  number  of  cubic 
centimeters  required  after  the  solution  had  become  acid  ;  the 
solution  was  then  diluted  to  about  250  cc,  and  for  each  cubic 
centimeter  of  hydrochloric  acid  added  to  the  acid  solution  5 
cc.  of  a  50  per  cent,  solution  of  ammonium  thiosulphate  were 
added  dropwise,  the  beaker  covered  with  a  watch-glass,  the 
solution  boiled  half  an  hour,  filtered,  washed,  dried,  and  ignited 
to  constant  weight. 

The  results  are  given  in  Table  I.  All  results  in  the  work 
have  been  corrected  by  blank  determinations  on  the  reagents 
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employed  ;  and  all  precipitations  were  made  in  the  presence  of 
an  excess  of  phosphoric  acid. 

An  examination  of  the  table  shows  that,  of  the  wash  solutions,  5 
per  cent,  ammonium  nitrate  washing  twenty  times  gives  practi- 
cally theoretical  results.  As  many  as  50  washings  with  this  solu- 
tion give  results  slightly  low  but  still  good.  The  other  solu- 
tions were  rejected  as  they  showed  a  decided  solvent  effect, 
except  the  ammonium  nitrates  plus  ammonium  phosphate,  upon 
prolonged  washing.  Twenty  washings  were  required  to  free  the 
precipitate  from  chlorides,  sulfates,  and  ammonium  phosphate. 
In  all  succeeding  work  5  per  cent,  ammonium  nitrate  was  used, 
washing  twenty  times  unless  otherwise  stated.  Long  heating 
with  the  blast,  ten  to  twenty  minutes,  was  required  to  reduce  to 
constant  weight. 

Composition  of  the  Ignited  Aluminum  Phosphate, — The  phos- 
phoric acid,  in  the  aluminum  phosphate  washed  twenty  times 
with  5  per  cent,  ammonium  nitrate,  was  carefully  determined  by 
precipitation  with  molybdate  solution,  washing  the  precipitate  of 
ammonium  phosphomolybdate  with  dilute  nitric  acid,  and  wash- 
ing the  final  precipitate  fr^e  of  chlorides. 

Theory.  Pound. 

PfO,.  P,Oe. 

Mg8.  Mgs. 

a 58.2  58.8 

b 58.7 

c 58.8 

Average,    58.8 

The  salt  obtained  under  the  above-mentioned  conditions  seems 
to  be  the  normal  phosphate,  AlPO^. 

THE    EFFECT    OF    THE    PRESENCE    OF    SAI.TS  OF   SOME   OTHER 

METALS. 

Effect  of  Iron  Salts, — Five  grams  of  ammonium  ferric  alum 
dissolved  in  water,  2  grams  of  ammonium  phosphate  added,  and 
treated  as  for  aluminum  phosphate,  washing  twenty  times  with 
ammonium  nitrate,  gave  : 

Calculated  as 

alumina. 

Mgs. 

fl 4.5 

b 0.0 

c 1.3 

d 0.0 

Precipitated  while  slightly  warm. 
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Another  series  precipitated  twice  gave : 

Calculated  as 

alnmina. 

Mff. 

a 0.4 

b 0.0 

c > 0.0 

d  ^ 0.0 

Solutions  containing  aluminum  sulphate,  ammonium  phos- 
phate, and  5  grams  of  ammonium  ferric  alum  precipitated  once 
with  ammonium  thiosulphate,  gave  : 

Theory.  Al«Os  found. 

Mffs.  Mga. 

a 78.9  86.4 

6 23.9  28.2 

Both  contained  iron. 

Similar  solutions  precipitated  twice  with  sodium  thiosulphate, 
gave : 

Theory.  AlfOt  found. 

a 39-9  39-4 

d 39.9  40.8 

These  precipitates  contained  no  iron. 

Therefore,  in  the  presence  of  large  quantities  of  ferric  iron, 
two  precipitations  only  are  necessary  to  separate  the  iron. 

Effect  of  Calcium  Salts, — Two  grams  of  calcium  phosphate,  pre- 
cipitated once,  gave  : 
ay  Nothing. 

Aluminum  phosphate  plus  2  grams  calcium  phosphate,  pre- 
cipitated once,  gave  : 

Theory.  Al^Ot  found. 

.   Mgrs.  Msrs. 

a 79.8  80.1 

h 79.8  80.8 

c 79.8  81.0 

d 23.9  24.3 

e 79.8  80.2 

/ 79-8  79-3 

a,  b,  c,  and  d  were  washed  twenty  times  with 3  per  cent,  ammo- 
nium nitrate;  e  and /were  washed  fifty  times. 

The  error  produced  by  the  presence  of  calcium  salts  alone  is 
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not  SO  great  as  that  produced  by  iron  salts.  In  this  case  it 
seems  probable  that  the  error  is  produced  by  the  well-known 
property  of  the  aluminum  precipitates  of  carrying  down  other 
salts  mechanically.  Two  precipitations  separate  completely 
aluminum  phosphate  from  very  large  quantities  of  iron  and  of 
lime,  as  is  shown  by  the  following  data : 


A1,(S04),. 

Ca,(P04),. 

NH4Fe(S04},. 

Theory. 

Recovered. 

Gram. 

Gram. 

Gram. 

Mffs. 

MfiTS. 

i 

i 

39-9 

39-6 

J 

i 

19.9 

18.8 

i 

i 

19.9 

18.8 

2 

I  iron 

39.9 

39.7 

2 

I    '* 

39-9 

39-9 

Prom  the  foregoing  results  the  conclusion  seems  warranted 
that  aluminum  phosphate  can  be  quantitatively  separated  by  a 
soluble  thiosulphate  and  ammonium  chloride  from  a  hydrochloric 
add  solution  of  iron,  alumina,  and  lime  phosphates  containing 
only  a  small  amount  of  sulphates.  The  statement  of  many 
observers,  that  theoretical  results  on  aluminum  phosphates  can 
only  be  obtained^in  the  presence  of  an  excess  of  phosphoric  acid, 
has  been  confirmed  by  my  own  work.  The  error  produced  by 
precipitating  a  second  time  without  adding  phosphoric  acid 
amounted  in  some  cases  to  2  mgs.  alumina.     * 

TA€  Effect  of  Magnesium^  Sodium^  and  Potassium  Salts. — Three 
solutions  containing  in  50  cc.  the  following  : 


A. 

B. 

c. 

Gram. 

Gram. 

Gram. 

0.8000 

0.7000 

Calcium  phosphate 

Calcium  chloride 0.250 

Magnesium  chloride 0.0200  0.0 100           0.0250 

Potassium  chloride o.oioo  

Sodium  chloride 0.0100  

Iron 0.0185  0.0421            0.0125 

Sodium  hydrogen  phosphate 2.0000 

Aluminum  sulphate 0.3504  o.  1504           o.  1000 

gave 

A.                                B.  c. 

Theory.    Pound.        Theory.  Pound.        Theory.    Pound. 

Mgs.         Mgs.             Mgs.  Mgs.             Mgs.        Mgs. 

Alumina..  ••  56.0        54.5            24.0  24.2            16.0        15.8 

56.0        56.3            24.0  23.9            16.0        15.8 
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The  above-named  salts  therefore  exert  no  disturbing  influence 
on  the  accuracy  of  the  final  results. 

The  Effect  of  Silica, — It  is  stated  by  Carnot'  that  **  In  the  pres- 
ence of  silica  the  precipitate  of  aluminum  phosphate  contains  a 
little  silica/*  I  have  tried  to  remove  this  silica  by  two  precipi- 
tations but  have  failed,  the  plus  error  equivalent  to  Al^O,  being, 

Mgrs. 

a 1.2 

b 0.6 

c 33 

d 2.5 

In  order  to  secure  correct  results,  therefore,  the  silica  must  be 
removed  from  the  mixture  before  the  separation  of  the  aluminum 
phosphate. 

The  Effect  of  Sulphates. — Removal  of  silica  being  a  necessary 
operation  it  was  determined  to  make  the  separation  by  the  well- 
known  method  based  on  the  insolubility  of  silica  in  sulphuric 
acid.  This  method,  worked  out  very  carefully  by  Drown, Ms 
a  very  rapid  and  accurate  process,  which  is  used  almost  exclu- 
sively in  the  determination  of  silica  in  pig-iron.  Essentially  the 
same  method  has  been  worked  out  and  used  by  others  for  the 
determination  of  silica  in  furnace  products. 

While  the  separation  of  silica  by  this  method  is  all  that  can 
be  desired  it  was  found  to  be  impossible  to  completely  precipi- 
tate the  aluminum  phosphate  with  a  thiosulphate  in  the  filtrate. 

From  solutions  containing  various  quantities  of  the  sulphates, 
phosphates,  and  chlorides  of  iron,  aluminum,  and  lime,  the  fol- 
lowing results  were  obtained  : 

Alumina. 

. * » 

Experiment.     HsS04  present.  Theory.  Pound. 

Grams.  Mg^s.  Mgs. 

2  o.ioo  I  precipitation  39.9  39.8 

11  0.20  I  **  79.8  79.6 

12  0.20  I         **  ....  80.1 

19  0.20  I         **  ....  80.1 

20  0.20  I         **  ....  80.8 
20a                  o.io             I         "                         23.9               24.2 


33«  1-250  2         "  39.9  39.6 

34a  1.250  2         *'  ....  40.7 

1  Blair's  "Chemical  Analysis  of  Iron,"  p.  188. 
ay.  Inst.  Min.  Eng.,  7,  346. 
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Alumina. 


Hzperiment. 

H,S04  present.' 
Grams. 

50 

2.800 

2            *' 

36a 

7.500 
7.500 

2  " 
2            *' 

39^ 
38a 

7.500 

7.500 

36.000 

2  *' 
2  ** 
I             ** 

Theory. 
Mgs. 

Found. 
Mgs. 

•  •  •  • 

38.7 

19.9 

16.8 

•  •  •  • 

18.7 

39.9 

37.9 

•  •  •  • 

37.8 

31.9 

17.2 

The  presence  of  more  than  1.25  grams  of  sulphuric  acid  pre- 
vents the  complete  precipitation  of  aluminum  phosphate,  while 
2.75  grams  give  a  decided  error.  The  presence  of  ammonium 
acetate  did  not  give  any  better  result ;  see  result  marked  **  Ex- 
periment 50.'* 

The  Effect  of  Fluorine. — The  presence  of  a  duoride  in  a  solution 
from  which  it  is  attempted  to  separate  aluminum  by  this  method 
is  as  disastrous  to  the  results  as  is  the  presence  of  sulphates. 
Prom  solutions  containing  phosphates,  chloride,  and  small 
amounts  of  sulphates  of  aluminum,  iron,  magnesia,  lime  and 
soda,  and  fluoride,  the  results  below  are  obtained  : 


Fluorine  present 

Alumina. 

Theory.             Pound 

Mgs. 

Mgs.                  Mgs. 

a 

2 

precipitation 

50 

39.9                   28.4 

b 

2 

50 

....                    27.4 

c 

2 

50 

19.9                     8.9 

d 

I 

250 

36.9                  31.6 

e 

2 

250 

....                    28.5 

f 

2 

ist  10  cc. 

CH.COONa 

25.3 

g 

2 

il           tc 

If 

19.9                   14.9 

h 

2 

(t         (( 

<{ 

39.9                  31.0 

• 

t 

2 

il         (< 

II 

]   19.9                   16.6 

In  none  of  the  current  methods  is  the  presence  of  fluorine  men- 
tioned as  a  disturbing  factor.  Several  determinations  by  the 
acetate  method,  both  single  and  double  precipitation  in  the  pres- 
ence of  dissolved  calcium  fluoride,  showed  that  it  has  no  effect. 


CaP,  present. 

Alumina. 

Bxperiment 

Theory. 

Pound 

Mgs. 

Mgs. 

Mgs. 

60a 

250 

S9-9 

40.9 

606 

250 

•  •  • 

38.1 

eoc 

125 

19.9 

19.4 

6od 

125 

... 

19.8 

256  F.    P.   VEITCH. 

The  Effect  of  Manganese,  with  solutions  containing  : 

Gram. 

Aluminum  sulphate 0.25 

Calcium  phosphate 0.5 

Ammonium  ferrous  alum 0.25 

Magnesium  chloride o.io 

Manganese  chloride o.  10 

The  following  data  were  obtained  : 

Alumina. 

, ^ , 

Experiment.  Theory.  Found. 

Mgs.  MfiTS. 

64«  39-9  40.5 

64^  ....  40.3 

The  work  so  far  done  shows  that  alumina  can  be  quantita- 
tively separated  as  phosphate  from  a  hydrochloric  acid  solution 
containing  aluminum,  iron,  manganese,  lime,  magnesium, 
sodium,  and  potassium,  when  only  small  quantities  of  sulphate 
are  present,  and  that  the  presence  of  silica  in  the  solution  pro- 
duces a  plus  error  too  large  to  be  neglected,  and  that  the  pres- 
ence of  large  quantities  of  sulphates  or  the  presence  of  fluorides 
prevents  the  complete  precipitation  of  aluminum  phosphate. 
Therefore,  to  obtain  accurate  results,  silica  and  fluorine  must  be 
removed  while  sulphates,  not  more  than  the  equivalent  of  1.25 
grams  of  sulphuric  acid,  may  be  present. 

The  following  method  for  alumina  in  phosphates  is  based  upon 
the  results  of  these  experiments :  Treat  i  gram  of  substance  in  a 
platinum  dish  with  from  5  to  10  cc.  hydrofluoric  acid,  let  stand 
in  the  cold  from  two  to  three  hours,  heat  on  the  water-bath  to 
complete  dryness,  add  2  cc.  concentrated  sulphuric  acid,  running 
well  around  the  sides,  and  heat  at  a  low  temperature  until  the 
substance  no  longer  flows  in  the  dish.  By  this  process  fluorine  is 
completely  expelled.  Cool  and  add  from  10  to  20  cc.  concentra- 
ted hydrochloric  acid,  and  warm  a  few  minutes  to  soften  the 
mass;  transfer  to  a  small  beaker,  and  boil  until  all  aluminum 
compounds  are  surely  dissolved  (fifteen  to  thirty  minutes);  filter 
from  undissolved  residue,  if  any,  washing  the  filter  thoroughly, 
add  50  cc.  25  per  cent,  ammonium  chloride  solution  and  ammo- 
nia until  alkaline,  then  hydrochloric  acid  until  the  precipitate 
just  dissolves.     Cool,  dilute  to  about  250  cc,  and  add  50  per 
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cent,  sodium  thiosulphate  solution,  drop  by  drop,  until  the  solu- 
tion is  colorless,  adding  in  all  20  cc;  cover  with  a  watch-glass, 
boil  half  an  hour,  filter,  wash  back  into  the  same  beaker,  and 
dissolve  in  boiling  hydrochloric  acid;  reprecipitate  exactly  as 
before,  after  adding  2  cc.  of  a  10  per  cent,  ammonium  phosphate 
solution.  Wash  twenty  times  with  5  per  cent,  ammonium 
nitrate  solution,  and  ignite  to  .constant  weight.  For  the  second 
precipitation  ammonium  thiosulphate  may  also  be  used  but  it 
is  not  strictly  necessary. 

According  to  the  above  method  from  solutions  containing  : 

Mgs. 

Alaminnm  sulphate 250 

Calcium  phosphate 500 

Ammonium  ferrous  alum 250 

Silica 100 

Calcium  fluoride 100 

Manganese  chloride 100 

Magnesium  chloride 100 

These  results  recorded  below  were  obtained  : 

Alumina. 


Experiment.                                            Theory. 

Foand 

Mgrs. 

Mgs. 

63^                                                      39.9 

40.0 

63^                                                      .... 

,    39.5 

6$c                                            •  •  -  • 

40.1 

63^     (contained  fluorine)     .... 

37.8 

63/?                                              19.9 

19.6 

62/                                           

20.3 

65^                                             39-9 

39-5 

65^                                             .... 

39.9 

66a  No.  I  ground  S.  C.  rock  17.0  by  acetate  method 

18.4 

66^                                                .... 

17.8 

67a    "    4       "       Florida      19.4  *' 

16.3 

67^                                             .... 

14.3 

Move  the  decimal  one  place  to  the  left  to  express  percentages. 

The  phosphoric  acid  was  determined  in  the  aluminum  phos- 
phate obtained  in  Experiment  No.  63. 

Theory.  Found. 

Mgs.  Mgs. 

a 58.2  58.0 

d 57-6 

c 57.2 
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Here,  also,  the  phosphate  seems  to  be  the  normal,  AlPO,, 
although  it  was  separated  ii\  the  presence  of  all  substances  likely 
to  be  found  in  a  natural  phosphate,  with  the  exception  of  silica 
and  fluorine. 

The  greatest  diflSculty  to  be  overcome  in  the  execution  of 
this  method  is  the  error  produced  by  the  presence  of  fluorine; 
hence  it  is  necessary  to  heat  the  substance  for  a  long  time  with 
sulphuric  acid  to  insure  the  complete  removal  of  fluorine  before 
beginning  the  separation  of  the  aluminum  phosphate. 

An  attempt  to  overcome  this  source  of  error  by  adding  an 
alkaline  acetate  before  boiling  with  thiosulphate  gave  no  better 
result.  In  one  experiment,  however,  in  which  the  acetate  was 
added  after  the  boiling,  and  ten  minutes  before  filtering,  all  the 
aluminum  phosphate  was  removed. 

The  determination  of  ferric  oxide  was  made  as  follows  :  Dis- 
solve I  gram  of  substance  in  20  cc.  sulphuric  acid,  dilute,  filter, 
washing  the  filter  thoroughly,  and  if  any  organic  matter  is  pres- 
ent add  a  little  potassium  chlorate  and  boil  until  chlorine  is 
expelled.  Reduce  with  zinc,  filter,  and  titrate  at  once  with  potas- 
sium permanganate  solution,  i  cc.  of  which  equals  0.0025  gram 
ferric  oxide. 

Prom  solutions  used  in  Experiment  63  I  obtained  : 

Ferric  oxide. 

, ^ , 

Theory.  Found. 

Mgs.  Mgs. 

a 51.8  52.5 

b 52.2 

c 52.2 

d 52.2 

e •  51.7 

/ 51.4 

No.  I  ground  S.  C.  rock..  30.6  by  acetate  method  29.4 

....  29.3 

**    4      •*      Florida  '*    ..  14.5  15.4 

15.1 


• . . . 


I  desire  to  express  my  thanks  to  Prof.  H.  W.  Wiley,  who 
assigned  this  subject  for  my  thesis,  and  for  the  valuable  assist- 
ance given  me  during  the  conduct  of  the  work. 


[Contribution  from  thb  Chbmicai,  Laboratory  op  Wbsi^byan  Uni- 
versity.] 

THE  DISTILLATION  OF  AHHONIA  IN  THE  DETER- 

niNATION  OF  NITROGEN. 

Bt  PramcxsGano  BsefBDICT. 
Received  March  97,    1900. 

THE  distillation  of  ammonia  in  the  moist  combustion  process 
for  determining  nitrogen  involves  the  separation  of  the 
gaseous  ammonia  from  the  alkaline  liquid  in  the  distilling  flask; 
and  the  transportation  of  the  gas  through  a  tube  into  the  receiver. 
While  the  disengagement  of  ammonia  from  a  strongly  alkaline 
liquid  is  readily  accomplished  by  the  aid  of  heat  the  complete 
removal  of  ammonia  from  the  condenser  tube  is  only  affected  by 
prolonged  boiling  to  wash  the  ammonium  hydroxide  formed  out 
of  the  tube  or  by  conducting  live  steam  through  the  tube  to 
vaporize  the  ammonia  which  is  then  driven  by  the  water  vapor 
into  the  receiver. 

The  first  method  is  that  employed  in  most  laboratories  in  this 
country  and  is  designated  the  **  official"  method.  The  second 
method  is  that  employed  in  many  German  laboratories  and  is  here 
designated  the  German  method. 

In  the  official  method  the  distillation  is  continued  until  about 
150  cc.  of  the  distillate  have  been  condensed  and  it  is  assumed 
that  all  the  ammonia  will  have  been  transferred  to  the  receiver 
during  this  operation.  The  gaseous  ammonia  coming  in  contact 
with  the  cold  water  adhering  to  the  inside  of  the  condenser  tube 
dissolves  in  it  forming  ammonium  hydroxide.  The  steam  gener- 
ated in  the  flask  condenses  in  the  upper  part  of  the  tube  and  the 
water  formed,  slowly  runs  down,  washing  out  the  ammonium 
hydroxide.  It  is  easily  seen  that  a  considerable  amount  of  water 
would  be  necessary  to  insure  complete  removal  of  the  alkali  in 
this  way.  Experience  has  shown  that  not  less  than  150  cc.  of 
distillate  can  safely  be  relied  on  to  effect  this  result.  This 
requirement  is  both  expensive  and  tedious.  The  operation 
requires,  as  a  general  rule,  from  forty-five  minutes  to  one  hour. 
Of  this  time  probably  not  over  fifteen  to  twenty  minutes  are 
required  to  drive  all  the  ammonia  out  of  the  liquid,  the  remain- 
ing time  being  occupied  in  washing  the  ammonium  hydroxide 
out  of  the  condenser  tube. 
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According  to  the  German  method,  the  vapors  are  conducted 
from  the  distilling  flask  through  a  pipe  into  the  acid,  in  the 
receiver  with  no  preliminary  cooling,  and  as  a  result  the  contents 
of  the  receiver  are  soon  heated  to  boiling  by  the  latent  heat  of 
the  steam.  Under  these  conditions,  it  has  been  found  that  after 
vigorously  boiling  for  twenty  minutes  all  ammonia  has  been 
driven  out  of  the  alkaline  liquid  in  the  distilling  flask.  Inasmuch 
as  the  conditions  in  this  flask  are  the  same  in  both  cases  it  is 
only  correct  to  assume  that  in  the  ofiicial  method  the  ammonia 
is  entirely  expelled  from  the  liquid  in  the  same  length  of  time. 

Under  the  conditions  existing  in  the  distilling  flask  by  the 
German  method  probably  no  ammonium  hydroxide  is  formed  in 
the  condenser  tube  as  the  whole  system  is  almost  immediately 
brought  to  the  temperature  of  steam.  Accordingly  the  gaseous 
ammonia  is  carried  along  mechanically  by  the  water  vapor  and 
conducted  directly  into  the  receiver. 

The  great  saving  in  time  and  gas  of  this  method  over  the  offi- 
cial method  is,  however,  partially  offset  by  the  fact  that  the  con- 
tents of  the  receiver  at  the  end  of  the  distillation  must  be  cooled 
before  the  titration  is  made  when  (as  is  commonly  the  case) 
ammonium  hydroxide  is  used  as  a  standard  alkali.  Unless  the 
receiver  is  well  cooled,  a  loss  of  ammonia  is  sure  to  occur. 

A  further  objection  to  the  German  method  lies  in  the  fact  that 
a  loss  of  acid  is  experienced  by  the  passage  of  so  much  steam 
through  the  hot  liquid  in  the  receiver.  This  loss  should  not  be 
neglected  in  accurate  work. 

The  following  modification  is,  in  reality,  a  combination  of  the 
official  and  the  German  method,  and  consists  briefly  of  distilling 
the  liquid  into  a  condenser  containing  cold  water  which  is  allowed 
to  runout  afew  moments  before  the  end  of  the  distillation  that  the 
condenser  tubes  may  become  heated.  The  ammonia  in  the  tubes 
is  then  vaporized  and  driven  into  the  receiver  by  a  current  of 
live  steam.  By  this  means  the  rapid  removal  of  ammonium 
hydroxide  in  the  condenser  tubes  is  effected  without  unduly 
heating  the  contents  of  the  receiver. 

The  apparatus  which  has  been  in  constant  use  in  this  labora- 
tory forover  a  year  is  shown,  in  part,  in  the  accompanying  figure. 

The  principal  feature  is  the  arrangement  of  the  condenser,  a 
galvanized-iron  tank  148  cm.  long,  38  cm.  deep,  and  8  cm.  wide. 
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Ten  pieces  of  block  tin  pipe  4  mm.  iuternal  diameter  and  70  cm. 
long  are  soldered  as  usual  in  the  bottom  of  the  tank  with  ends 
about  6  cm.  long  extending  through  for  connection  with  the 
•  and  bulb.     The  upper  ends  are  fastened  to  one  side  of 


the  tank  and  each  is  provided  with  a  rubber  tube  to  which  a 
Bopkins"  safety  distilling  bnlb  is  attached. 

At  one  end  of  the  tank  and  near  the  bottom  a  piece  of  standard 
half  inch  pipe  is  inserted,  fitted  with  a  valve  or  gate  which  is  in 
torn  connected  with  a  X-  An  overflow  is  provided  near  the  top 
of  the  tank  and  is  connected  with  the  Xi  the  lower  arm  of  which 
is  connected  with  a  sink  or  drain.  The  tank  which  is  filled  from 
a  water  tap  at  the  other  end  is  fastened  on  a  stout  frame  35  cm, 
above  the  table.  The  space  below  is  occupied  by  the  receivers 
and  bulb  tubes  used  to  prevent  back  suction  of  liquid. 
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With  the  form  of  apparatus  above  described  the  distillation  is 
carried  out  as  follows:  The  gas  is  turned  on  full  and  the  burners 
are  all  lighted.'  As  the  liquid  in  the  distilling  flask  is  quite 
warm  from  the  heat  of  the  dilution  of  the  sulphuric  acid  and  the 
heat  generated  by  the  reaction  between  the  acid  and  the  alkali, 
the  flasks  are  all  vigorously  boiling,  as  a  rule,  inside  of  four  or 
five  minutes.  When  all  are  boiling  the  time  is  noted  and  at  the 
expiration  of  fifteen  minutes  the  valve  is  opened,  allowing  the 
water  to  flow  out  of  the  condenser.  As  the  water  runs  out  the 
cold  w-ater  at  the  bottom  is  first  withdrawn,  the  layer  of  hot 
water  at  the  top  gradually  settling  and  warming  the  block  tin 
pipes.  Just  before  the  layer  of  hot  water  begins  to  flow  out  the 
whole  condenser  tube  becomes  hot  enough  to  prevent  any  con- 
densation of  water  and  the  live  steam  blows  through  the  tube 
into  the  receiver.  This  is  allowed  to  continue  till  the  water  in 
the  receiver  is  warmed  slightly,  the  degree  of  warming  being 
readily  determined  by  occasionally  placing  the  hand  on  the 
receiver.  As  soon  as  a  rise  *in  temperature  is  perceptible  the 
receiver  and  bulb  are  disconnected.  This  operation  requires 
from  four  to  six  minutes  after  opening  the  water  valve  in  the 
apparatus  here  used.  The  contents  of  the  flask  are  therefore 
vigorously  boiling  for  from  nineteen  to  twenty-two  minutes. 
Repeated  tests  have  shown  that  all  the  ammonia  is  driven  oS 
under  these  conditions.  With  excessive  amounts  of  ammonia, 
the  boiling  operation  can  be  prolonged  five  minutes  before  open- 
ing the  valve.  This  is  seldom  necessary,  however.  Ordinarily, 
twenty-five  to  thirty  minutes  from  the  lighting  of  the  gas  under 
the  flasks  to  the  removal  of  the  receivers  suflSce  to  complete  the 
distillation.     The  titrations  can  be  made  immediately. 

The  length  of  time  necessary  to  draw  off  the  water  in  the  con- 
denser tank  to  such  a  level  as  to  cause  live  steam  to  blow  through 
the  block  tin  pipes,  is  determined  by  the  sizes  of  the  waste  pipe 
and  the  condenser.  With  very  little  experience,  it  is  not  difficult 
to  determine  how  long  after  boiling  the  valve  should  be  opened 
to  produce  the  desired  effect  at  the  end  of  twenty  minutes. 

The  condenser  tank  here  described  was  not  constructed  pri- 

1  The  use  of  Jena  glass  digestion  as  well  as  distillation  flasks  is  strongly  recommeu- 
ded.  With  such  flasks  the  full  free  flame  may  be  employed  with  impunity.  The  distilla- 
tion flasks  contain  approximately  500  cc.  and  are  about  half  filled  with  the  alkaline 
liquid. 
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marily  for  this  method  of  distillation.  It  could  undoubtedly  be 
diminished  very  materially  in  size  with  equally  satisfactory 
results. 

Obviously  the  principle  is  capable  of  application  to  numerous 
forms  of  condensers.  It  is  only  necessary  to  observe  that  the 
flasks  are  vigorously  boiling  for  at  least  nineteen  or  twenty  min- 
utes. In  a  local  laboratory  the  principle  has  been  easily  applied 
to  a  two-tube  condenser  constructed  out  of  an  old  ether  can. 
This  apparatus  has  also  given  excellent  satisfaction  for  over  a 
year.  ' 

MiDDLBTO'VirN,  COIf  NSCTICUT. 


THE  QLUTEN  CONSTITUENTS  OF  WHEAT  AND 

FLOUR  AND  THEIR  RELATION   TO 

BREAD-HAKING  QUALITIES. 

bt  h.  a.  Gubss.  . 

Recelred  March  as,  1900. 

DURING  the  last  eighteen  months  the  writer  has  been  pur- 
suing some  investigations  in  the  chemical  factors  which 
determine  bread-making  qualities  of  wheats  and  flours,  and  the 
notes  here  submitted,  representing  some  results  of  the  work,  are 
offered  as  contributions  to  the  chemical  literature  of  an  as  yet 
rather  neglected  subject. 

As  aids  in  the  work  advantage  was  taken  of  published  notes 
by  other  investigators,  acknowledgments  being  more  partic- 
ularly due  to  the  papers  of  M.  K.  Fleurent,*  and  of  Mr.  G.  L. 
Teller.' 

The  result  of  considerable  preliminary  work  in  the  estimation 
of  the  proteids  of  both  wheats  and  flours,  and  subsequent  com- 
parisons with  results  of  milling  and  baking  tests,  led  the  writer 
to  confine  his  attention  more  particularly  to  the  determination  of 
the  gluten  constituents  gliadin  and  glutenin,  as  being  apparently 
the  chief  determining  factors  in  bread-making  qualities. 

In  the  estimation  of  the  gliadin  and  glutenin,  five  nitrogenous 
bodies  were  considered  as  being  present  in  the  samples, — gliadin, 

l"Sar  la  composition  immediate  du  gluten  des  cereals."— G»m^^  rend.^  293,  337. 
"Determination  of  Glnten  in  Wheat  Flour."— Third  Congrress  of  Applied  Chemistry. 
Vienna,  August,  1898. 

3  **Cotfceming  Wheat  and  its  Mill  Products :  A  report  of  progrens  of  investigations 
in  the  chemistry  of  wheat."— Arkansas  Bzpt.  Station,  1898. 
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glutenin,  edestin,  leucosin,  and  the  amides.  For  the  separa- 
tion of  the  gliadin,  alcohol  of  0.90  sp.  gr.  was  used,  and  after 
deducting  the  nitrogen  of  the  amides  present,  the  balance  of 
the  nitrogen  in  the  alcohol  extract,  was  calculated  as  gliadin.' 

The  nitrogen  of  the  amides  was  determined  on  a  separate 
sample,  by  extraction  with  one  per  cent,  salt  solution,  precipita- 
ting all  proteids  with  phosphotungstic  acid,  and  determination 
of  the  amide  nitrogen  in  the  filtrate. 

The  edestin  and  leticosin  were  separated  from  the  residue  from 
the  alcohol  extraction,  by  extraction  with  one  per  cent,  salt  solu- 
tion, and  the  nitrogen  reiiiaining  in  the  final  residue,  calculated 
as  glutenin.  By  making  the  i  per  cent,  salt  solution  extrac- 
tion on  the  residue  from  the  alcohol  extract,  any  uncertainty 
from  partial  solubility  of  gliadin,  or  allied  proteid  bodies,  in  salt 
solution,  was  avoided.* 

The  modus  operandi  of  the  analysis,  was  as  follows  : 

a.  Five  grams  of  the  finely  ground  wheat  meal  or  flour,  placed  in 
a  250  cc.  flask,  i  per  cent,  salt  solution  added  from  a  pipette,  at 
sufiicient  pressure  to  prevent  any  tendency  to  clot ;  flask  filled 
to  the  mark,  shaken  at  intervals  for  one  hour,  and  let  settle  for 
two  hours ;  decanted  through  a  filter,  duplicate  portions  of  100 
cc.  each  of  the  clear  supernatant  liquid  withdrawn,  the  proteids 
precipitated  with  a  few  cubic  centimeters  of  10  per  cent,  solution 
of  phosphotungstic  acid,  the  precipitate  allowed  to  settle,  50  cc.  of 
the  clear  filtrate  evaporated  with  sulphuric  acid,  and  the  amide 
nitrogen  determined. 

b.  One  gram  of  sample  put  in  a  500  cc.  Kjeldahl  flask  with 
100  cc.  alcohol  of  0.90  sp.  gr.,  shaken  to  thoroughly  mix, 
placed  on  a  water-bath,  and  maintained  at  a  temperature  slightly 
below  the  boiling-point  of  the  alcohol  mixture ;  agitated  every 
ten  minutes  for  one  hour,  allowed  to  settle  for  one  hour  and 
decanted  into  a  similar  flask,  being  careful  to  not  carry  decanta- 
tion  close  enough  to  cause  any  turbidity  to  appear  in  the 
decanted  filtrate ;  25  cc.  fresh  hot  alcohol  added,  allowed  to 
settle  twenty  minutes,  decanted,  and  the  operation  repeated  three 
times.     In  the  extract,  the  alcohol  is  distilled  off,  and  the  nitro- 

"^  Am.  Ckem.J.^  15,  441. 
a  Ibid.,  392  et  seq. 
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gen  in  the  residue  determined,  the  amide  nitrogen  (a)  subtracted, 
and  the  balance  calculated  as  gliadin  (N  X  5.7). 

c.  To  the  residue  from  the  alcohol  extraction,  after  cooling, 
250  cc.  of  I  per  cent,  salt  solution  are  added  ;  it  is  allowed  to 
settle  for  one  hour,  and  decanted  through  a  filter ;  250  cc.  fresh 
salt  solution  are  added,  shaken  at  intervals  for  one  hour  and 
allowed  to  settle  for  two  hours,  decanting  through  the  same 
filter ;  the  filter  and  contents  are  added  to  the  residue  in  the 
flask,  and  nitrogen  determined  and  calculated  to  glutenin. 

Following  are  results  of  some  determinations  made  in  this  way 
on  wheats  from  different  elevator  points,  throughout  the  Cana- 
dian Northwest,  giving  the  locality,  the  buyer's  regular  gra- 
ding mark,  the  percentages  of  gliadin  and  glutenin  respectively  ; 
the  ratio  of  same,  and  a  composite  factor  representing  this  ratio 
X  the  total  percentage  of  gluten  (gliadin  and  glutenin)  present. 
Also  of  the  same  determinations  made  at  regular  intervals  on  the 
flours  produced  from  these  wheats,  by  one  of  the  largest  milling 
companies  in  Canada.  Analyses  of  the  different  '  break*  prod- 
ucts of  the  mill  were  also  similarly  made,  but  are  not  here 
included. 

This  ratio  of  gliadin  to  glutenin  has  been  used  tentatively,  as 
an  index  of  the  gluten  quality.  So  far  as  the  writer  has  been 
enabled  to  have  this  index  checked  by  actual  baking  tests  on 
the  flour  produced,  it  was  found  that  the  elastic  quality  of  the 
gluten  was  improved  in  proportion  as  the  ratio  of  gliadin  to  glu- 
tenin increased,  and  as  yet  no  limit  has  been  found  beyond  which 
further  increase  of  gliadin  ratio  rendered  the  gluten  inelastic  or 
sticky. 

Manifestly,  if  this  ratio  of  gliadin  to  glutenin  be  a  true  index 
of  the  quality  of  the  gluten,  the  factor  of  quantity  must  also  be 
taken  account  of  in  estimating  the  true  gluten  value  of  a  wheat 
or  flour,  the  value  being  the  total  number  of  units  of  gluten  pres- 
ent X  the  value  per  unit.  Need  was  felt,  in  the  work,  for  a 
factor  to  indicate  this  gluten  value,  so  as  to  be  of  use  commer- 
cially, in  grading  wheats  and  flours,  and  in  the  lists  following  this 
gluten  value  is  in  each  case  calculated  out  as  a  composite  factor 
made  up  of  the  percentage  of  gluten  X  ratio  of  gliadin  to  glu- 
tenin (quality  index). 
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Canadian  Northwest  Wheats. 


Locality. 


Buyer's 
grade A 


Reston 

Pluin  Coulee  •  • 

Carman >^ 

Holland 

Lauder 

Virden  (damp) 
Lauder  '97  .... 

Franklin 

Hartney 

Dom.  City 

McDonald 

Manitou 

Altonia 

Reston 

Treesbank 

Douglass 

Qu'appelle  .... 

Souris 

Indian  Head  .. 

Sintaluta 

Whitewater  . .  • 
Boissevain  .... 

Stocton  

Rosenfeldt .... 

Ninga 

McGregor 

Neepawa 

Portage 

Portage  (damp) 

Elkhorn 

Thornhill 

Fleming 

Griswald 

Mileta 

Bagat 

Alemeda 

Stocton 

Sintaluta  

Methven 

Elkhorn  (damp) 

Carroll 

Indian  Head .  * . 


2H 

N 
H 
H 
H 
H 
H 
N 
H 
N 
N 
N 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
N 
N 


H 
N 
H 
H 
H 
H 
H 

h  White 
H 


H 


iH 


Gliadin. 
Per  cent. 

7-32 

5.4 

7.77 

5-73 
7.18 

5.19 

8.39 
6.14 

5.43 

5.15 

5.51 

4.57 

6.53 

7.7 

7-36 

7.7 
7.86 

7.01 

7.98 

8.14 

6.12 

6.46 

6.62 

5.14 

5-59 
6.02 

4.76 
6.7 
6.4 
7.06 

6.5 
7-50 
7-50 
8.18 

7-34 
8.29 

Fife  6.6 

9.21 

8.52 

8.13 

7.58 
7.88 


Glutenin. 
Per  cent 

4.43 
3.61 

3-30 
4.0 

4.67 

4.93 
4.61 

4.53 
4.24 

3.71 
5.08 

5.91 
4.25 
4.88 

50 

4.4 
4.16 

5- 10 
4.92 

5.2 
5.44 
4.84 
4.40 

5.04 
50 
4.88 
4.64 

4.92 
6.08 

5.2 
4.4 

5.09    f 

5.64 

5 -04 

5.0 

4.45 

4.7 
4.60 

5.0 
4.64 

5.30 
4.77 


R 
Gl 
Glu 


tioof 
adin  to 
enin. 


65 

49 

34 

43 

53 

05 
8 

35 

2 

38 
08 

7 

54 

57 

47 

77 

9 

37 
62 

56 
12 

33 

5 
o 

II 

23 
o 

36 

05 

35 

47 

47 

33 
6 

47 
86 

4 
I 


7 
75 
43 
65 


Composite 

factor. 

Gluten 

ratio. 

Per  cent. 

19.38 
1342 

25.90 

13.91 
18.13 

10.62 

23.4 
14.40 

II. 6 

12.22 

11.43 

7-33 
16.60 

1975 
18.16 

21.41 

22.84 

16.59 
20.89 

20.81 

12.95 
15.02 

16.53 
10.18 

11.97 
13.40 

9.4 
1566 

13.10 

16.55 
16.02 

18.52 

17.48 

21.15 

18.13 
23.69 
15.82 
27.62 
22.98 

22.34 
18.42 

20.87 


1  Grades  in  descending,  i  Hard  ;  2  Hard ;  x  Northern  ;  2  Northern. 
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• 

Composite 

Ratio  of  factor. 

Fuyer's  Gliadin  to  Gluten 

Locality.                £ri^<lc-^  Gliadin.  Glutenin,  Glutenin.  ratio. 

Per  cent.  Per  cent.  Per  cent. 

Arden iN                    5.07  5.49  0.92  9.71 

Treesbank iH                    ^76  4.82  1.81  24.57 

Alemeda i  White  Fife  '  8.85  4.6  1.92  25.82 

McGregor 2H                    6.44  4.36  1.47  15.87 

Danphin iN                    4.25  4.25  i.o  8.5 

Morden i  N                    3.65  3.65  i.o  7.3 

Gretna iN                    3.8  3.7  x.o  7.5 

McDonald 2H                    5.8  4.0  1.45  13.21 

Carberry iN                    5.7  3-7  1-53  1438 

Moosomin iH                    7.65  4.0  1.9  22.13 

Treesbank  ....   iH                    7.87  4.3  1.83  22.47 

Neepawa iN                    6.65  4.2  1.57  17.03 

Indian  Head..  iH                    6.35  4.1  1.51  16.48 

Carroll iH                    6.7  4.1  1.63  17.60 

Elva 2H                    7.6  3.95  1.92  22.17 

Winkler iN                    6.0  3.5  1.71  16.24 

Altonia iN                    7.5  4.1  1-82  21. Ii 

Dom.  City 2N                    5.4  3-7  i-46  13.28 

Hlkhorn(damp)    ••  6.5  4.0  1.65  18.00 

Blva 2H                    8.37  4.3  1-94  24.58 

Reston 2H                    8.0  4.5  1.78  22.25 

Douglass  (damp)  ..                    6.65  4.2  1.58  17.13 

SinUlnta iH                    7.77  4-5  1-73  21.2 

Boissevain iH                    7.3  4-4  ^-^5  i9-3 

Qn'appelle ....  i  H                    8.58  4.2  2.904  26.0 

Manitou 2  Spring           4.0  4.2  '   0.95  7.78 

Bagat iN                    3.7  4-o  0.93  7.20 

McGregor iN                    4.65  4.10  i-i  9-^2 

Thornhill i  N                    5.4  4-2  i  .3  12.48 

HamioU iH                    7.15  4-6  1-54  18.10 

Hartney iH                     7.8  4.0  1.95  23.0 

Treesbank 8.37  4.0  2.09  25.85 

Indian  head 7.51  4.1  1.83  21.24 

Carman 7.77  3.6  2.14  24.18 

Douglass 7.8  3.8  2.0  23.2 

Bagat 7.0  4.2  1.66  18.59 

Holland 6.1  4*4  '•4  14*7 

Methven 8.1  4*0  2.02  24*44 

1  Grades,  in  descending  order  :  i  Hard ;  a  Hard ;  i  Northern ;  a  Northern. 
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Canadian  Northwest  and  other  Flours. 

Composite 
factor. 
Ratio  of        Percent 
Name  of  Gliadin.      Glutenin.     s^Hadin  to         gluten 

flour.  Grade.i  Per  cent.      Per  cent,      glutenin.         X  ratio. 

Keewatin  Patent 8.13  2.24  3.62  37-54 

'*  Baker's *..  8.47  3.90  2.17  26.84 

•*  Algoma 7.98  4.55  1.75  21.92 

"  Glenwood 7.2  5.53  1.3  16.54 

Portage  Patent 8.4  2.1  4.0  42.00 

**  Baker's 8.65  2.6  3.32  37.25 

*•  Algoma... 8.2  3.2  2.59  29.78 

•*  Glenwood 8.0  4.7  1.7  21.69 

Keewatin  Patent 8.9  1.60  5.56  58.38 

*'  Baker's 8.14  3.52  2.3  26.81 

**  Algoma 7.46  4.80  1.6  19.61 

"  Glenwood 6.90  5.90  1.2  15.38 

Austria-Hungary  (best) 9.38  2.80  3.35  40.80 

Keewatin  Patent 8.25  2.0  4.12  42.23 

"  Baker's 9.06  2.25  4.02  45.46 

"  Algoma 8.63  3.24  2.66  31.57 

Patent 9.0  1.9  4-73  51-55 

*'  Baker's 8.65  3.2  2.7  32.0 

"  Algoma 8.5  3.8  2.23  27.42 

•'  Glenwood 8.1  4.9  1.65  21.45 

"  Patent 7.95  2.85  2.78  30.02 

**  Baker's 8.1  3.1  2.61  29.23 

Ogilvie  Patent 8.04  2.92  2.76  30.24 

**  Baker's 7.4  3.6  2.05  22.55 

At  the  present  stage  of  progress  in  these  investigations,  it  can- 
not be  stated  that  these  ratios,  or  the  calculated  factors,  are  true 
indices  of  the  bread-making  qualities  and  values  of  the  different 
wheats  and  flours,  but  it  is  certain  that  there  is  a  direct  and  very, 
intimate  connection  between  the  same. 

The  subject  is  one  worthy  of  attention  by  industrial  chemists, 
and  it  is  quite  possible  that  in  time  the  buying,  mixing,  and 
milling  of  wheats  may  come  under  as  definite  chemical  control 
as  are,  at  present,  similar  operations,  with  respect  to  the  smelting 
of  ores. 

I«ABORATORY  OP  THE  OTTAWA  GOLD  MILLING  AND 

Mining  Co.,  Keewatin,  Ontario,  March  6,  1900. 
1  Grades  in  descending  scale  :  Patent,  Baker's,  Algoma,  Glenwood. 


LIME  AND  SULPHURIC  ACID  BY  THE  PHOTOMETRIC 

METHOD. 

By  J.  I.  D.  Hinds. 

ReceiTed  March  30, 1900. 

IN  this  Journal,  i8,  66 1,  I  gave  the  results  of  some  inves- 
tigations looking  to  the  rapid  determination  of  lime  and  sul- 
phuric acid  by  means  of  the  opacity  of  the  precipitates  produced 
in  the  usual  way.  Since  then  I  have  had  occasion  to  make  fre- 
quent tests  of  the  accuracy  of  the  method  and  am  able  to  give 
some  interesting  results. 

The  only  apparatus  needed  is  the  photometric  cylinder  made 
of  glass.  It  is  3.5  centimeters  wide  and  20  centimeters  high, 
and  is  graduated  in  centimeters  and  millimeters  from  the  inside 
of  the  bottom  for  the  convenient  reading  of  the  depth  of  the 
liquid  in  the  cylinder.  It  is  used  with  an  ordinary  sperm  or  wax 
candle.  The  cylinder  is  held  over  the  lighted  candle  and  the 
water  containing  the  precipitate  is  poured  into  the  cylinder  until 
the  image  of  the  flame  just  disappears.  The  depth  is  read  and 
the  per  cent,  is  calculated  from  the  equation  or  read  from  a  table. 
The  lime  is  precipitated  with  solid  calcium  oxalate  and  the  sul- 
phuric acid  with  solid  barium  chloride.  The  equations  used  are 
as  follows : 

For  CaCO.,^  =  -^^5^;        For  CaO,  jk=  -^^^^; 
•  "^        X — 0.3  ^       X — 0.3 

For  H.SO..  y  =  5:^;        For  SO..  ^  =  ^-^■, 

X  X 

in  which  x  is  the  reading  of  the  cylinder  and  y  the  per  cent, 
sought.  For  the  details  of  the  method,  see  the  article  above 
referred  to.  A  table  computed  from  these  equations  is  ap- 
pended to  this  article. 

Near  the  university  building  in  Lebanon  is  a  bored  well  yield- 
ing a  limestone  water,  analysis  of  which  shows  that  it  contains 
among  other  things 

Calcium  carbonate  about  16.00  parts  in  100,000 
Magnesium  **  **      13.00    **      **  100,000 

Magnesium  sulphate '*      16.00     **      **  100,000 
Total  solids  60.80    **      **  100,000 
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I  made  a  series  of  photometric  and  gravimetric  determinations 
of  the  lime  and  sulphuric  acid  in  this  water  from  day  to  day, 
with  the  following  results  : 

Calcium  carbonate — parts  in  100,000. 

I.  a.          3.  4-           5-          6.  7. 

Photometric 16.5  15.7  15.7  16.5  15.7  22.2  19.5 

Gravimetric 16.4  16.0  15.5  16.0  15.5  22.4  19.0 

Difference o.i  0.3  0.2  0.5      0.2      0.2  0.5 

Sulphuric  acid — parts  in  100,000. 

X.  a.  3.  4.  5. 

Photometric 13.1  11.8  5.7  7.9  4.9 

Gravimetric 13.2  11.4  5.4  7.2  4.7 

Difference o.i  0.4  0.3  0.7  0.2 

These  differences,  omitting  the  decimal  point,  mean  parts  in  a 
million  of  the  water  and  are  a  reasonably  small  fraction  of  the 
total  amount  present.  For  sanitary  and  technical  purposes  the 
photometric  determinations  are  just  as  good  as  those  made  in  the 
regular  way.  When  we  consider  that  one  of  these  determina- 
tions can  be  made  in  five  minutes  and  that  the  method  is  adapted 
to  many  other  substances,  it  seems  to  be  worthy  of  the  attention 
and  careful  investigation  of  chemists.  It  is  much  more  accurate 
than  many  of  the  approximate  methods  now  in  use  and  requires 
no  previous  preparation  in  the  way  of  standard  solutions. 

I  have  found  the  method  practicable  in  the  determination  of 
the  lime  in  carbonates.  I  give  one  example.  A  sample  of 
clayey  limestone  containing  16.14  per  cent,  of  calcium  carbonate 
gave  by  this  method  16.46  per  cent.  The  determination  was 
made  as  follows:  Dissolved  o.  108 1  gram  of  the  limestone  in  hydro- 
chloric acid  with  a  few  drops  of  nitric  acid,  evaporated  to  dry- 
ness in  a  porcelain  dish  over  a  free  flame,  added  water  with  a 
little  hydrochloric  acid,  filtered,  neutralized  with  ammonia,  made 
up  to  150  cc,  then  tested  in  the  usual  way.  The  reading  in  the 
cylinder  was  6.0  cm.  Substituting  this  for  x  in  the  equation  we 
find  the  solution  to  contain  0.0112  per  cent,  of  calcium  carbon- 
ate.    The  calculation  is  then  made  as  follows  : 

100  cc.  contain  0.0112  gram  CaCO,. 
150  ''         **       0.0178     ** 

0.1081  gram  of  the  sample  contains  0.0178  gram  CaCO,,  or 
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16.46  per  cent.  The  whole  operation  can  be  performed  within  a 
half  hour. 

The  determination  of  sulphuric  acid  in  urine  is  very  easy  and 
rapid.  Five  or  ten  cc.  of  the  urine  are  measured  from  a  burette 
or  pipette,  made  slightly  acid  with  hydrochloric  acid,  and  dilu- 
ted to  100  cc.  Barium  chloride  is  added  and  the  reading  taken. 
Two  trials  with  a  urine  diluted  from  10  to  100  cc.  gave  the  same 
reading;  z^/ar.,  3.0  cm.  This  corresponds  to  0.0197  per  cent. 
H.SO^.  Multiplying  by  10  we  have  0.197  ^s  the  per  cent,  of 
H,SO^  in  the  urine. 

To  save  the  trouole  and  labor  of  computation  I  have  prepared 
the  accompanying  table  from  whicli  the  percentages  can  be 
directly  taken  as  soon  as  the  reading  is  made. 

Tabi^  for  Photombtric  Determination  of  Lime  and  Sulphuric 

Acid. 
y  equals  the  per  cent,  desired,  and  x  is  the  reading  of  cylinder  in  centi- 
meters.    For  parts  in  icx>,cxx}  remove  the  decimal  point  three  places  to  the 
right. 


Per  cent.  CaCOs. 

Per  cent.  CaC 

).  Per  cent.  H,S04. 

Per  cent  SO|, 

X, 

0.064a 
4r— 0.3 

0.0360 
^—0.3* 

0.0590 

"^       X 

ao483 

y  = — . 

•^     X 

i.o 

0.0917 

0.0514 

0.0590 

0.0482 

1. 1 

0.0802 

0.0450 

0.0536 

0.0438 

1.2 

0.0713 

0.0400 

0.0492 

0.0402 

1-3 

0.0642 

0.0360 

0.0454 

0.0371 

1.4 

0.0583 

0.0327 

0.042  L 

0.0344 

1-5 

0.0534 

0.0300 

0.0393 

0.0322 

-1.6 

0.0494 

0.0277 

0.0370 

0.0301 

1.7 

0.0456 

0.0257 

0.0347 

0.0283 

1.8 

0.0428 

0.0240 

0.0328 

0.0268 

1-9 

0.0401 

0.0225 

0.03 1 1 

0.0254 

2.0 

0.0377 

0.0212 

0.0295 

0.0241 

2.1 

0.0356 

0.02CI 

0.0281 

0.0230 

2.2 

0.0338 

0.0190 

0.0268 

0.0219 

2.3 

0.0321 

0.0180 

0.0257 

0.0210 

2.4 

0.0306 

0.0172 

0.0246 

0.0201 

2.5 

0.0292 

0.0164 

0.0236 

0.0193 

2.6 

0.0279 

0.0156 

0.0227 

0.0185 

2.7 

0.0268 

0.0150 

0.0218 

0.0179 

2.8 

0.0257 

0.0144 

0.021 I 

0.0172 

2.9 

0.0247 

0.0138 

0.0203 

0.0166 

30 

0.0238 

0.0133 

0.0197 

O.OI61 

3.1 

0.0229 

0.0129 

0.0190 

0.0156 

3.2 

0.0221 

0.0124 

0.0184 

O.OI51 
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Per  cent.  CaCOt- 

Per  cent.  CaO. 

Per  cent.  H^SOt. 

Per  cent.  SO^ 

X. 

0.0642 

y  = ^• 

X  —0.3 

0.0360 
y=  — - — . 
*-— 0.3 

0.0590 
•^     X 

0.0482 

3.3 

0.0214 

0.0120 

0.0179 

0.0146 

3.4 

0.0207 

0.0116 

0.0174 

0.0142 

3-5 

0.0201 

0.0112 

0.0169 

0.0138 

3.6 

0.0195 

0.0109 

0.0164 

0.0134 

3.7 

0.0189 

0.0106 

0.0159 

0.0130 

3.8 

0.0183 

0.0103 

0.0155 

0.0127 

3.9 

0.0178 

O.OIOO 

O.OI51 

0.0124 

4.0 

0.0173 

0.0097 

0.0147 

0.012 1 

4.1 

0.0169 

0.00947 

0.0144 

O.OI18 

4.2 

0.0165 

0.00923 

o.o%i 

O.OII5 

4.3 

0.0I6I 

0.00900 

0.0137 

0.01 12 

4.4 

0.0157 

0.00878 

0.0134 

0.01 10 

4.5 

0.0153 

0.00857 

0.0131 

0.0107 

4.6 

0.0149 

0.00837 

0.0128 

0.0105 

4.7 

0.0146 

0.00818 

0.0125 

0.0103 

4.8 

0.0143 

0.00800 

0.0123 

O.OIOI 

4-9 

0.0140 

0.00782 

0.0120 

0.00983 

5.0 

0.0137 

0.00766 

0.0118 

0.00964 

5.1 

0.0134 

0.00750 

0.0116 

0.00945 

5.2 

0.0I3I 

0.00735 

0.0113 

0.00927 

5-3 

0.0128 

0.00720 

O.OIII 

0.00909 

5.4 

0.0126 

0.00706 

0.0109 

0.00992 

5.5 

0.0123 

0.00692 

0.0107 

0.00876 

5.6 

O.OI2I 

0.00679 

0.0105 

0.00861 

5.7 

O.OII9 

0.00667 

0.0104 

0.00845 

5.8 

0,0117 

0.00654 

0.0102 

0.00831 

5-9 

0.0115 

0.00643 

O.OIOO 

0.00817 

6.0 

O.OII3 

0.00632 

0.00983 

O.OO^^ 

6.1 

O.OIII 

0.00621 

0.00967 

0.00790 

6.2 

0.0109 

0.00610 

0.00952 

0.00777 

6.3 

0.0107 

0.00600 

0.00937 

0.00765 

6.4 

0.0105 

0.00590 

0.00922 

0.00753 

6.5 

0.0104 

0.00580 

0.00908 

0.00742 

6.6 

0.0102 

0.00571 

0.00894 

0.00730 

6.7 

0.01003 

0.00562 

0.00881 

0.00719 

6.8 

0.00988 

0.00554 

0.00868 

0.00709 

6.9 

0.00973 

0.00545 

0.00855 

0.00698 

7.0 

0.00958 

0.00537 

0.00843 

0.00689 

7-1 

0.00944 

0.00529 

0.00831 

0.00679 

7.2 

0.00930 

0.00522 

0.00820 

0.00669 

7.3 

0.00917 

0.00514 

0.00808 

0.00660 

7.4 

0.00904 

0.00507 

0.00797 

0.00651 

7.5 

0.00892 

0.00500 

0.00787 

0.00642 

7.6 

0.00879 

0.00493 

0.00776 

0.00634 

■'  -  »l 
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Per  cent.  CaCO|. 

Per  cent.  CaO. 

Per  cent.  H1SO4. 

Per  cent.  SOg 

X. 

0.0643 

^._  0.0360 

^.    0.0590 

0.0482 
y  = — . 

j^— 0.3 

X  —0.3 

X 

"^       X 

7.7 

0.00867 

0.00486 

0.00766 

0.00626 

7.8 

0.00856 

0.00480 

0.00756 

0.00618 

7.9 

0.00845 

0.00474 

0.00747 

0.00610 

8.0 

0.00834 

0.00468 

0.00737 

0.00602 

8.1 

0.00823 

0.00462 

0.00728 

0.00595 

8.2 

0.00813 

0.00456 

0.00720 

0.00588 

8.3 

0.00802 

0.00450 

0.007 1 1 

0.00581 

8.4 

0.00792 

0.00444 

0.00702 

0.00574 

8.5 

0.00783 

0.00439 

0.00694 

0.00567 

8.6 

0.00773 

0.00434 

0.00686 

0.00560 

8.7 

0.00764 

0.00429 

0.00678 

0.00554 

8.8 

0.00755 

0.00424 

0.00670 

0.00548 

8.9 

0.00746 

0.00419 

0.00663 

0.00541 

9.0 

0.00738 

0.00414 

0.00655 

0.00536 

91 

0.00730 

0.00409 

0.00648 

0.00530 

9.2 

0.00721 

0.00404 

0.00641 

0.00524 

9.3 

0.00713 

0.00400 

0.00634 

0.00518 

9.4 

Q.00705 

0.00396 

0.00628 

0.00513 

9.5 

0.00698 

0.00391 

0.00621 

0.00507 

9.6 

0.00690 

0.00387 

0.00615 

0.00502 

9-7 

0.00683 

0.00383 

0.00608 

0.00497 

9.8 

0.00676 

0.00379 

0.00602 

0.00492 

9-9 

0.00669 

0.00375 

0.00596 

0.00487 

10.0 

0.00662 

0.00371 

0.00590 

0.00482 

10. 1 

0.00655 

0.00367 

0.00584 

0.00477 

10.2 

0.00648 

0.003  »64 

0.00578 

0.00473 

10.3 

0.00642 

0.00360 

0.00573 

0.00468 

104 

0.00636 

0.00357 

0.00567 

0.00463 

10.5 

0.00629 

0.00353 

0.00562 

0.00459 

10.6 

0.00623 

0.00350 

0.00557 

0.00455 

10.7 

0.00617 

0.00346 

0.00551 

0.00451 

10.8 

0.0061 1 

0.00343 

0.00546 

0.00447 

10.9 

0.00606 

0.00340 

0.00541 

0.00442 

II.O 

0.00600 

0.00336 

0.00536 

0.00438 

II. I 

0.00594 

0.00333  - 

0.00532 

0.00434 

II. 2 

0.00589 

0.00330 

0.00528 

0.00430 

11.3 

0.00584 

0.00327 

0.00523 

0.00426 

11.4 

0.00578 

0.00324 

0.00518 

0.00423 

11.5 

0.00573 

0.00321 

0.00513 

0.00419 

11.6 

0.00568 

0.00318 

0.00508 

0.00415 

11.7 

0.00563 

0.00316 

0.00504 

0.00412 

11.8 

0.00558 

0.00313 

0.00500 

0.00408 

11.9 

0.00553 

0.00310 

0.00496 

0.00405 

12.0 

0.00548 

0.00308 

0.00492 

0.00401 
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Per  cent.  CaCOf. 

Per  cent  CaO. 

Per  cent.  H«S04. 

Per  cent.  SO,, 

X. 

0.064a 

>= —' 

:r  — 0.3 

0.0360 

y^  — - — • 
.*"— 0.3 

0.0590 
•^             X 

0.0482 
•^            X 

12. 1 

0.00543 

0.00305 

0.00488 

0.00398 

12.2 

0.00539 

0.00303 

0.00484 

0.00395 

12.3 

0.00535 

0.00300 

0.00480 

0.00392 

12.4 

0.00531 

0.00298 

0.00476 

0.00389 

12.5 

0.00526 

0.00295 

0.00472 

0.00386 

12.6 

0.00522 

0.00293 

0.00468 

0.00383 

12.7 

0.00517 

0.00290 

0.00465 

0.00380 

12.8 

0.00513 

0.00288 

G. 0046 1 

0.00377 

12.9 

0.00509 

0.00285 

0.00457 

0.00374 

130 

0.00505 

0.00283 

0.00454 

0.00371 

13.2 

0.00498 

0.00279 

0.00447 

0.00364 

13.4 

0.00490 

0.00275 

0.00440 

0.00359 

13.6 

0.00483 

0.00271 

0.00434 

0.00354 

13.8 

0.00476 

0.00267 

0.00427 

0.00349 

14.0 

0.00469 

0.00263 

0.00421 

0.00344 

14.2 

0.00462 

0.00259 

0.00415 

0.00339 

14.4 

0.00455 

0.00255 

0.00410 

0.00335 

14.6 

0.00449 

0.00251 

0.00404 

0.00330 

14.8 

0.00443 

0.00248 

0.00399 

0.00326 

150 

0.00437 

0.00245 

0.00393 

0.00321 

15.5 

0.00422 

0.00237 

0.00381 

0.003 1 1 

16.0 

0.00409 

0.00229 

0.00369 

0.00301 

16.5 

0.00396 

0.00222 

0.00358 

0.00292 

17.0 

0.00384 

0.00216 

0.00347 

0.00284 

17.5 

0.00373 

0.00209 

0.00337 

0.00276 

18.0 

0.00363 

0.00203 

0.00328 

0.00268 

18.5 

0.00353 

0.00198 

0.00319 

0.00261 

19.0 

0.00343 

0.00192 

0.0031 1 

0.00254 

195 

0.00334 

0.00187 

0.00303 

0.00247 

20.0 

0.00326 

0.00183 

0.00295 

0.00241 
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UPON  BISnUTH  COBALTICYANIDE. 

By  J.  A.  Mathews. 

Received  April  a8.  1900. 

IN  a  recent  article  entitled  **  A  Preliminary  Study  of  the  Cobalt- 
icyanides,"*  by  E.  H.  Miller  and  myself,  mention  was  made 
of  bismuth  cobalticyanide.  It  was  stated  that  **  the  original  pre- 
cipitate seems  to  be  a  normal  cobalticyanide,  but  it  has  not  been 
analyzed  and  no  mention  of  such  a  compound  is  found  in  the 

1  This  Journal,  sa,  65  (1900) . 
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literature."  It  was  further  stated  that  as  lead  cobalticyanide  is 
exceedini^ly  soluble  in  water,  there  might  be  a  possibility  of 
eflfecting  a  separation  of  bismuth  from  lead  in  pig-leads  by  the 
use  of  potassium  cobalticyanide.  I  have  analyzed  the  cobalticy- 
anide of  bismuth,  noted  carefully  its  properties,  and  detei-mined 
the  most  favorable  conditions  for  its  precipitation.  The  results 
have  not  been  favorable  to  its  use  in  the  analysis  of  pig-leads 
but  it  may  still  be  found  useful  in  the  analysis  of  lead-bismuth 
alloys,  **  fusible  metals'*  such  as  Wood's  alloy,  etc. 

The  precipitate  of  bismuth  cobalticyanide  is  crystalline,  settles 
and  filters  well,  and  contains  more  or  less  water  which  is  not 
completely  given  up  below  165**  C.  The  anhydrous  compound 
has  the  formula  BiCo(CN)..  The  theoretical  percentage  of 
bismuth  for  this  compound  is  49. 17.  The  average  of  three  deter- 
minations gave  49.05  per  cent,  bismuth.  When  freshly  pre- 
cipitated and  before  filtering,  the  precipitate  appears  white  but 
on  the  filter  it  has  a  slight  greenish  tint.  During  the  process  of 
dehydrating  the  color  becomes  blue,  getting  darker  as  the  tem- 
perature rises ;  then  upon  exposure  to  the  air  it  reabsorbs  water 
rapidly  and  the  color  becomes  pink.  This  behavior  seems  to 
indicate  some  decomposition  of  the  cobalticyanide  radical  at  the 
temperature  required  for  complete  dehydration,  and  this  view  is 
strengthened  by  the  fact  that  different  samples  exhibit  differ- 
ences of  tint  and  that,  in  general,  after  exposing  the  anhydrous 
samples  to  the  air,  the  depth  of  the  pink  tint  is  proportional  to 
the  depth  of  blue  in  the  sample  exposed. 

A  sample  of  bismuth  cobalticyanide  dried  below  100®  C.  and 
exposed  to  the  air  for  one  week,  lost  by  subsequent  heating  to 
162' C.»  19.5  percent.  Two  portions  dried  to  constant  weight 
at  100**  C.  lost,  by  heating  to  165°  C,  4.35  per  cent,  and  4.24  per 
cent,  respectively,  corresponding  to  one  molecule  of  water.  The 
samples  upon  exposure  to  the  air  reabsorbed  about  16.25  per 
cent,  of  water,  the  actual  percentage  fluctuating  slightly  from 
day  to  day. 

Completeness  of  the  Precipitation, — By  means  of  several  series  of 
experiments  in  which  bismuth  solutions  were  precipitated  by 
potassium  cobalticyanide,  it  was  found  that  below  a  concentra- 
tion of  0.0079  gram  of  bismuth  per  cubic  centimeter  the  pre- 
cipitate was  under  no  conditions  complete  and  that  at  ten  times 
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that  dilution  no  precipitate  was  produced  even  on  long  standing. 
By  varying  the  ratio  of  bismuth  to  potassium  cobalticyanide,  it 
was  shown  that  a  decided  excess  of  the  latter  was  beneficial. 
The  precipitation  is  found  to  be  more  complete  if  acetic  acid  is 
present.  Boiling  assists  in  the  precipitation  of  very  dilute  solu- 
tions, but  a  solution  so  dilute  that  no  precipitate  forms  in  the 
cold  is  never  completely  precipitated  by  heating.  The  solubility 
of  the  precipitate  does  not  vary  much  with  change  of  tempera- 
ture, and  when  once  formed  is  not  soluble  in  a  quantity  of  water 
which  would  have  prevented  its  formation  in  the  beginning. 

The  following  tables,  with  the  remarks  accompanying  each, 

show  the  influence  of  different  conditions  upon  the  completeness 

of  precipitation.     A  solution  containing  0.0794  gram  of  bismuth 

per  cubic  centimeter  in  nitric  acid  was  used  in  all  cases. 

I.  Varying  Ratio  op  Bi(NO,),  to  K,Co(CN),. 

BKNOj)].     Half-normal  E]Co(CN)6. 


All  filtrates  showed  a  trace  of  bismuth  with  (NH,),S  :  Greater 
in  4,  5,  and  6,  than  in  i,  2,  and  3  ;  deepest  in  i  and  4 ;  least  in 
3  and  6,  respectively.  The  insolubility  is  therefore  increased  by 
an  excess  of  K,Co(CN),. 

II.  Varying  Volume.    Ratio  op  Bi(NO,), :  K,Co(CN)4  Constant. 
Bi(NOj),.  H,0.  KjCo(CN)t 


3  r  9(+HA)  3  also, 

[419  6] 

Number  3  is  very  incomplete.     Filtrate  gave  large  precipitate 

with  ammonium  carbonate,     i,  2,  and  4  showed  only  a  trace  of 

bismuth  with   (NH,),S.      Comparison  of  3  and  4  shows  the 

effect  of  increasing  the  amount  of  K,Co(CN),. 
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III.  Constant  Volume. 

Bi(NOj),.  H,0(+HA).  K3Co(CN)ii. 


I  I,  2,  and  3  the  ratio  of  K,Co(CN),  to  Bi{NO,),  increases 
the  dilution.  Filtrate  from  3  contained  10  per  cent,  of 
bismutb;  filtrate  from  4  contained  57  per  cent,  of  the  bis- 
b.  *In  I  and  2,  the  filtrates  showed  a  trace  of  bismuth  with 
I,),S,  greater  in  2  than  in  1,  showing  that  the  coraplete- 
;  of  tbe  precipitation  increases  with  the  concentration. 


tAPID  HETHOD  FOR  THE   DETERniNATION  OF   CAR- 
BON  IN  IRON  OR  STEEL  BY  COMBUSTION. 


'HE  part  taken  by  tbe  carbon  in  determining  the  utility  of 
steel  or  iron,  especially  tbe  effect  of  slight  changes  tn  the 
ntity,  impresses  one  with  the  need  of  exercising  the  greatest 
'.  that  its  estimation  may  be  accurately  made,  and  yet  the 
e  number  of  determinations  required  in  a  limited  time  calls 
greater  speed  in  their  accomplishment. 

he  color  method  of  Eggertz  is  probably  tbe  most  rapid,  but 
application  is  so  limited  that  it  is  scarcely  used  outside  of 
iilar  furnace  work  where  straight  steels  only  are  encountered, 
tbe  steel  has  undet^one  the  same  treatment,  consequently 
carbon  is  present  in  always  tbe  same  condition.  The  advent 
illoys  of  nickel,  chromium,  tungsten,  molybdenum,  titanium, 
,  with  iron,  forces  even  tbe  furnace  chemist  back  to  tbe  most 
able  method, — that  ofthe  combustion,  in  oxygen,  of  tbe  carbon 
due  from  the  solution  of  the  drillings.  During  the  past  three 
aths  the  results  obtained  in  this  laboratory,  by  this  method 
lewhat  modified,  have  been  so  eminently  gratifying  with  re- 
d  to  accuracy,  rapidity,  and  simplicity  of  the  apparatus  used, 
t  I  believe  it  worthy  the  attention  of  other  chemists. 
'he  apparatus  as  shown  by  the  accompanying  cut  consists  of, 
;inning  on  the  right,  a  small  copper  or  platinum  spiral,  water- 
keted  at  each  end  to  prevent  the  burning  of  the  rubber  con- 
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nections,  and  suspended  in  a  copper  cyl- 
inder over  a  burner ;  a  Geissler  potash 
bulb,  followed  by  an  empty  "safety** 
tube,  then  the  porcelain  tube  resting  in  a. 
three-bumer  combustion  furnace ;  a  glass 
tube  filled  with  coarse,  wet  sand ;  a  cop- 
per tube  filled  with  copper  oxide  and 
also  water-jaclceted  ateach  end ;  atincan 
containing  a  copper  worm;  then  a  6-inch 
calcium  chloride  tube ;  the  weighed  pot- 
ash bulb  and  its  calcium  chloride  tube ; 
and  finally  the  guard. 

It  will  be  best  to  describe  in  detail  each 
portion  of  the  apparatus  and  its  function. 

The  spiral  is  made  from  a  platinnni 
tube  1 7  inches  long  and  ^  inch  in  diam- 
eter. This  gives  four  close  coils  |  inch 
in  diameter  and  leaves  4  inches  extend 
on  either  side.  The  water-jackets  are 
two  pieces  of  ^  inch  copper  tubing  i^ 
inches  long,  closed  at  the  ends  by  rivet 
burrs,  carefully  soldered  and  containing 
an  outlet  and  an  inlet,  the  outlet  of  the 
one  being  connected  to  the  inlet  of  the 
other  by  a  i  inch  copper  tube  bent  around 
the  support.  The  latter  is  a  i^  inch 
copper  tube  with  -^  inch  walls,  6  inches 
long,  resting  on  three  legs  snfficienUy 
long  to  bring  the  spiral  the  proper  dis- 
tance from  the  burner.  A  two-way  cock 
leads  the  oxygen  or  air  from  the  tanks 
to  the  spiral  where  any  hydrocarbons 
are  burned.  The  resulting  carbon  diox- 
ide is  caught  in  the  Geissler  potash  bulb 
to  which  the  spiral  is  connected  by  rub- 
ber tubing,  thence  the  purified  oxygen 
or  air  passes  through  the  empty  tube 
which  is  used  to  catch  any  potassium  hy- 
droxide from  the  Geissler  bulb,  into  the 
combustion    tube.       Both    the    potash 
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alb  and  the  "safety"  are  suspended  from  the  small  cop- 
er pipe  conveying  the  water  from  the  outlet  of  the  second  water- 
tcket  to  the  first  jacket  on  the  copper  oxide  tube.  The 
ombustion  tube  ts  a  f  inch  glazed  porcelain  tube  16  inches  long, 
inches  of  which  extend  on  either  side  of  the  combustion  fur- 
ace.  The  curved  piece  of  fire-brick  protects  the  tube  from 
irect  contact  with  the  flames  of  the  furnace.  The  latter  is  5 
icheslong,  having  but  3  burners  and  was  made  from  an  old 
obumer  furnace.  To  prevent  the  boat  holding  the  carbon 
cm  beiig  pushed  into  the  combustion  tube  beyond  the  heated 
ortion,  a  piece  of  clay  pipe  stem  is  placed  at  one  end.  The  gases 
om  the  combustion  tube  pass  through  the  coarse,  wet  sand 
xisely  packed  in  a  ^  inch  glass  tube  6  inches  long  and  held  in 
lace  by  two  small  disks  of  copper  gauze  placed  at  either  end. 
'his  moist  sand  and  the  copper  disks  effectually  hold  any  hydro- 
hloric  acid  or  chlorine  that  the  gases  may  contain.  The  cop- 
er oxide  tube  is  a  straight  piece  of  copper  }  inch  in  diameter,  i 
>ot  long,  water-jacketed  at  each  end,  the  water  flowing  from  the 
utlet  of  the  first  jacket  to  the  second,  and  thence  into  the  tin 
an  containing  the  worm.  The  copper  oxide  tube  rests  on  a  sup- 
ort  of  sheet  tin,  bent  as  shown  in  the  cut,  and  slit  at  each  side 
nd  at  the  bottom  of  the  back,  the  two  side  openings  supporting 
lie  copper  tube,  while  the  one  in  the  back  allows  the  gas  pipe 
J  enter  to  the  burner,  which  has  a  spreader  so  that  the  copper 
xide  is  heated  for  a  distance  of  at  least  3  inches.  The  worm 
onsists  of  3  very  loose  coils  of  i  inch  copper  tubing.  A 
iece  of  tube  about  20  inches  long  will  make  about  the  right  size 
rorm.  From  the  cooler,  the  gases  are  dried  by  passing  through 
I  inches  of  thoroughly  dehydrated  calcium  chloride.  They 
hen  enter  the  weighed  potash  bulb  and  its  calcium  chloride 
ube,  which  are  in  one  piece.  These  bulbs  are  extra  large  at 
he  part  holding  the  potash  solution,  being  i  inch  long  and 
■  inch  wide,  weighing,  when  filled  for  use,  about  75  grams,  and 
lolding  30  cc.  caustic  potash  solution.  They,  therefore,  allow 
he  gases  to  come  in  contact  with  more  of  the  solution  for  a 
onger  time.'  The  guard  tube  is  the  usual  calcium  chloride  tube. 
It  is  absolutely  essential  that  all  the  calcium  chloride  used 
hould  be  thoroughly  dehydrated,  that  none  of  the  fine  powder 

1  Tb«H  bulbs  were  nude  to  order  by  Qaeen  &  Co.,  Pblladelpbla. 
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be  placed  in  the  tubes,  particularly  that  one  attached  to  the 
weighed  potash  bulb,  and  that  as  little  of  the  space  within  the 
tubes  as  is  possible  be  taken  up  with  cotton,  which  does  no  good 
as  an  absorbent.  It  is  best  to  sift  out  the  fine  powder 
from  the  dehydrated  calcium  chloride  and  take  that  which  is 
about  ^  inch  diameter,  or  the  size  of  a  dried  pea. 

The  apparatus  being  ready,  the  combustion  is  proceeded  with 
as  follows : 

A  stream  of  water  is  started  through  the  water-jackets,  the 
burners  under  the  spiral  and  copper  oxide  lighted,  also  the  3 
burners  of  the  furnace,  which  are  regulated  so  the  tips  of  the 
Sames  just  touch  the  curved  fire-brick  upon  which  the  porcelain 
tube  rests.  After  ten  minutes  the  burners  may  be  turned  on 
sufficiently  far  to  bring  that  part  of  the  tube  within  the  furnace  to 
a  red  heat  and  hold  it  there.  The  water  overflowing  from  the 
can  should  be  about  15°  C.  The  weighed  potash  bulb  having  beeg 
connected,  a  current  of  air  is  started  through  the  apparatus  at 
the  rate  of  about  5  bubbles  per  second  in  the  weighed  bulb  (this 
is  a  little  faster  than  one  can  count) ,  the  stopper  at  the  forward 
end  of  the  combustion  tube  is  withdrawn  and,  as  quickly  as  pos- 
sible, the  platinum  boat  containing  the  carbon  residue  obtained 
by  the  standard  method  of  solution  of  steel,  is  pushed  into  the 
tube  until  it  meets  the  pipe  stem,  and  the  stopper  immediately 
replaced.  The  air  is  then  turned  off  and  replaced  by  a  current 
of  oxygen  at  a  slightly  slower  rate  of  speed,  about  4i  bubbles 
per  second.  At  the  expiration  of  ten  minutes  the  oxygen  is 
turned  off  and  the  air  on  at  the  former  speed  for  ten  minutes. 
The  connections  are  then  broken,  a  new  weighed  potash  bulb 
placed  in  the  train;  a  fresh  boat  containing  the  carbon  is  inserted 
after  removing  the  first  one  and  a  new  combustion  proceeded 
with.  The  boats  should  be  taken  from  the  oven,  which  is  kept 
at  100°  C,  and  at  once  put  into  the  porcelain  tube  in  order  to 
prevent  a  cold  boat  cracking  the  tube. 

The  copper  oxide  is  always  kept  at  a  red  heat,  as  is  also  the 
combustion  tube,  as  long  as  the  apparatus  is  in  use,  from  the 
beginning  of  the  day's  work  until  its  completion. 

A  combustion  is  thus  made  in  twent}'  minutes,  and  one  man, 
with  two  of  these  pieces  of  apparatus  side,  by  side  so  arranged 
that  when  the  oxygen  or  air  is  turned  from  one  it  goes  on  to  the 
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her,  and  six  potasb  bulbs,  can  make  48  combustions  per  day 

nine  hours. 

After  each  day's  work  it  is  necessary  to  wash  the  sand  in  the 
ibe  by  running  a  stream  of  water  through  it ;  remove  any 
loist  calcium  chloride  from  the  tube  next  the  cooler  and  replace 
t  with  fresh  or,  better  still,  put  in  an  entirely  new  tube  full  of 
reshly  dehydrated  calcium  chloride  and  dry  the  moist  one  to 
tave  it  ready  for  use  ttie  day  following.  The  worm  also  should 
X  dried  out  about  every  two  days  by  placing  it  over  a  burner 
lud  blowing  air  through  it. 

Id  our  practice  we  have  found  tHat  about  25  combustions  can 
be  made  on  each  bulb  before  it  will  need  refilling  with  calcium 
chloride  and  caustic  potash  solution.  If  more  than  this  number 
be  run  on  a  bulb  it  will  be  found  that  the  calcium  chloride  has 
<^^sed  to  catch  all  the  moisture  carried  from  the  potash  solution. 
]^he  latter  has  a  specific  gravity  of  1.27  and  iscapableof  absorb- 
'"8  3.5  grams  of  carbon  dioxide  with  perfect  safety, 

append  some  of  the  results  obtained  by  tlie  aliove  method  of 
VlDoUstioii  and  by  combustion  iu  a  platinum  tube. 


16 0.836 

17 0850 


lajSBCjSg..* OJ63  0.566 

113880389 0.552 

1580 I. Ill  1. 108 

1099C 1.087  107s 

1099C 1.073 

I078C39I 1.163  1-168 

107SC291 1. 164 

1060  C  283 0.326  0.333 

R.  J.  0-958  0.958 

R.  J.  0-955  "-953 

R- J.  0-9S3  "-gss 

J r.067  1.068' 

J. 1070 

B 0.904  0-900' 

'  The«e  rciolu  were  obtained  when  eihibiting  tlie  apparalui  before  t 
itu»  SecUon  of  the  American  Chemical  Society ;  the  carbon  content  of  the  t 
iBown  to  me  at  that  lime.  The  resulli  obtained  by  combustion  in  a  plalini 
Jwe  01  R.  jo5^  cbemiBt  o!  the  Philadelphia  and  ReBdiog  Railway  Co.,  also  c 
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Some  duplicate  results  obtained  by  combustion  in  a  porcelain 
be  by  the  new  tnethod  are  : 

Sample  Carbon. 

No.  Percent. 

I 0.839 

I 0839 

5 0.838 

5 0.83a 

8 0.776 

8 0.779 

9 0.850 

9 0.855 

II    0.843 

U 0.84a 

14 0.848 

14 ' 0.853 

713 loia 

713 I-OI9 

BX 1.60S 

BX 1.614 

The  condenser  or  worm  cools  the  gases  so  that  when  they 
ach  the  weighed  potash  bulb,  there  is  no  tendency  to  cany  out 
oisture  while  running  the  bubbles  at  the  speed  of  five  per  sec- 
id.  In  fact,  blanks  have  shown  that  the  gases  can  pass  through 
e  potash  bulb  at  a  speed  so  great  that  the  bubbles  are  scarcely 
be  distinguished  and  no  loss  in  weight  will  be  sustained. 

Gain  or  1d;>  in  Number  of  bubble* 

weight  o(  bulb.  per  lecond. 

Blank 0.0000  5 

"       0.0000  5+ 

"       'fo.0003  steady  stream 

Two  weighed  potash  bulbs  placed  one  after  the  other  and  a 
mbustion  oi  a  high  carbon  steel  made  with  the  oxygen  ruli- 
ng five  bubbles  per  second  and  the  air  a  trifle  faster,  gave  ±e 
Uowing ; 

Sample.  Before.  After.        DlffereiKe. 

1905  BX  347  Weight  of  I9t  bulb  17-4991        i7-59*o       0.0939 

1905  B  H  347  "       of  2nd  "  33.0177       1301755     O-000I5 

A  factor  weight,  2.7373  grams,  of  the  drillings  waa  taken. 

The  porcelain  tube  may  be  replaced  with  a  copper  tube  16 
ches  long,  ^  inch  in  diameter,  and  ^  inch  walls,  water-jaclceted 
each  end  for  i^  inches,  as  these  results  show : 
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CombuilfOD  in  1  Combuitlon  In  > 

porcelkln  tube.  copper  tube. 

Sample.  Per  cent,  carbon.  Per  cent,  carbon. 

Standard  No.  1 0-5^9  O'S^') 

"    1 0.529'  0.537 

"    a 0-S44  0.545 

Fhe  copper  tube,  however,  bums  out  iu  about  two  weeks, 

lile  the  porcelain  tube,  with  proper  care,  will  last  for  weeks, 

>ecta11y  if  at  the  heated  portion,  the  boat  be  kept  from  direct 

itact  with  the  tube  by  a  sheet  of  platinum  foil.' 

rbe  life  of  the   copper  oxide  tube   is  about  three  months. 

hen  it  is  burned  out,  however,  it  is  quickly  replaced,  by  an- 

ler,  the  water-jackets  being  easily  melted  from  the  old  tube 

d  soldered  on  the  new. 

The  whole  apparatus  can  be  made  in  any  laboratory  at  a  very 

lall  cost. 

Mr.  Job,  who  now  has  this  apparatus  in  use  in  the  laboratory 

the  Philadelphia  and  Reading  Railway  Co.,  haj obtained  very 

lod  results,  a  few  of  which  he  kindly  gave  me. 

Combuitlon  in  porcelain  tube. 
Old  method.  New  method. 

Stsndard  No.  i ■•  1.070  1.068 

"    3 0.937  0.937-0.942 

"    3 o-5'7  0.531 

Blank 0.0000 


It  may  be  stated  that  in  almost  every  instance  where  blanks 
ive  been  made,  the  difference  in  weight  of  the  potash  bulb  has 
xn  zero.  This  is  due,  I  believe,  to  the  cooler,  which  permits 
e  gases  to  pass  Into  the  potash  bulb  at  the  same  temperature, 
a  slightly  lower  one,  at  which  it  leaves  it ;  consequently  the 
IS  is  saturated  with  moisture  to  the  same  degree.  For  this 
ason,  I  believe  the  accuracy  of  the  determinations  even  exceeds 
le  results  obtained  by  the  old  method  where  a  dry  train  is  used. 
Many  of  the  results  that  have  been  given,  that  is,  those  coming 
om  this  laboratory,  have  been  made  in  the  course  of  ourevery- 
ly  work  by  a  man  turning  out  a  result  every  ten  minutes  from 
m  of  these  pieces  of  apparatus,  and  they  certainly  show  that, 

'  Old  melbad  combuitlon  In  platinum  tube. 

<  Slace  the  loresoins  wai  written.  Mr.  Job  ba«  informed  me  that  he  hai  oblained  ei- 
Uent  result*  b^  nainc  a  hard  glaia  tube  protected  from  the  flames  by  a  piece  of  iron. 
id  sDpportliiE  Ihe  boat  within  Ibc  tube  In  ■  sheet  of  platlaum  foil. 
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:en  at  this  rapid  rate,  the  accuracy  attained  equals  that  of  the 
lore  slow  and  painstalcing  method  of  combustion  in  a  platinum 
ibe. 

It  may  be  of  interest  to  know  that  the  copper  oxide  may  be 
^placed  by  the  electric  spark  as  an  oxidant  to  insure  the  com- 
ete  change  of  the  carbon  to  carbon  dioxide.  The  action  of 
le  electric  spark  on  a  mixture  of  carbon  monoxide  and  air,  in 
le  presence  of  moisture,  is  to  produce  carbon  dioxide,  ozone,  and 
very  smallamount  of  nitric  acid ;  therefore,  I  removed  the  cop- 
;r  oxide  from  the  system  and  placed  in  its  stead  a  small  glass 
ibe  through  which  two  platinum  wires  were  fused  so  that  a 
>ark  would  be  produced  between  the  points  when  a  current  from 

Rhumkorff  coil  passed  through  the  wires.  Combustions  were 
len  made  as  usual,  except  that  during  the  time  of  burning  in 
cygen,  a  continuous  stream  of  sparks  played  between  the  plati- 
iim  wires  within  the  tube.  The  following  table  shows  the 
isults  obtaiAd  : 


Sample. 
1.30  Standard 

Method. 
Blectric  spark  as  oxidant 

Weigbt  of 

■  rbon  dioxide. 

GrBras 

0-1303 

Carbon 
1.303 

1257  B  D 
1257  B  D 
1257  B  D 

No  oxidant 

CuO  as  oxidant— combustion  i: 

0.0720 
0.0614 

0.720 
0.614 

1254  B  D 
I3S4  B  D 

platinum  tube 
ditto 
Electric  spark  as  oxidant 

0.0724 
0.0747 
0.0744 

0.774 
0.747 
0.744 

Pig  iron 
Pig  iron 

CuO  as  oxidant — combustion  i 

0.4193 

4-193 

platinum  tube  0.2060         4.120* 

Starch  paper  moistened  with  potassium  iodide  and  placed  just 
iiote  the  weighed  absorption  bulb  was  turned  blue,  showing 
le  presence  of  ozone. 

Owing  to  the  platinum  contacts  of  the  induction  coil  becoming 
orn  away  with  continued  use  and  theconsequentstoppageof  the 
>ark5,  thus  creating  error,  the  hot  copper  oxide  is  preferred  as 
1  oxidant.  Could,  however,  the  trouble  with  the  induction  coil 
:  simply  remedied,  the  apparatus  without  the  copper  oxide 
ould  be  the  neatest,  cleanest,  and  most  compact  to  use. 
Mr.  John  K.  Faust  has  made  most  of  the  determinations  in- 

*Id  every  case  except  that  marked  irith  an  aslerisk.  irbete  a  ball  (aclor  weight  was 
Icea,  a  whole  (actor  welebt.  1.7372  grama,  waa  taken. 


soil.    HUMUS.  285 

Ived  in  perfecting  this  method  of  carbon  combustions,  and  its 
ccess  is  largely  due  to  his  careful  work,  for  which  I  sincerely 
ink  him.  I  also  wish  to  thank  Mr.  F.  Cooper  Pullman  for  his 
distance  in  working  up  the  electric  spark  as  an  oxidant.  4 
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ILHUnUS.  SOME  SOURCES  OF  ERROR  IN  ANALYTICAL 
JHETHODS. 


)URING  the  past  four  years  we  have  devoted  considerable 
time  in  our  laboratory  to  the  analysis  of  California  and 
iwaiian  soil^  for  the  purpose  of  determining  the  kind  of  ferti- 
er  best  adapted  for  each  separate  piece  or  tract  of  land.  The 
lalytical  methods  of  Dr.  E.  W.  Hilgard  have  been  generally 
[lowed  in  our  work  and  good  results  have  been  secured  with 
e  exception  of  the  determination  of  humus  and  nitrogen  in  the 
imus.  In  order  for  a  method  to  be  practical  for  industrial 
ork  it  must  be  rapid  as  well  as  accurate.  Time  is  a  very 
iportaot  factor.  Many  samples  of  soils  require  several  days' 
aching  to  free  them  of  calcium  salts  and  several  days  more  for 
le  extraction  of  the  humus. 

About  two  years  ago  while  working  with  one  of  these  slowly 
aching  soils  it  was  observed  that  the  caustic  potash  solution  of 
umus  was  strongly  ammoniacal.  A  slightly  ammoniacal  solu- 
on  is,  of  course,  unavoidable,  for  caustic  alkalies  will  liberate  the 
tnmonia  present  in  the  form  of  ammonium  salts  and  also  readily 
^compose  some  of  the  weaker  compounds  of  amid  nitrogen. 
ut  where  the  time  of  leaching  extended  over  several  days  more 
tnmonia  was  apparently  liberated,  than  was  originally  present 
ithe  form  of  these  easily  decomposed  salts.  Other  work  pre- 
ented  further  investigation  at  that  time,  and  the  subject  was 
ot  taken  up  again  until  this  winter  when  the  rush  of  soil  sam- 
les  to  the  laboratory  almost  compelled  experimenting  with  humus 
ith  a  view  of  finding  a  more  rapid  method.  During  these 
Eperiments  some  interesting  results  developed. 

Several  samples  of  soil,  washed  free  of  calcium  salts  with  dilute 
ydrochloric  acid,  were  leached  with  a  4  per  cent,  solution  of 
austic  potash.     In  the  course  of  a  few  hours,   varying  with  the 
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richness  ol  the  sample  in  nitrogen,  a  piece  of  red  litmus  suspen- 
ded in  the  mouth  of  the  flask  containing  the  leached  solution 
would  turn  blue  in  ten  or  fifteen  minutes.  The  same  solutions, 
«  after  standing  twenty-four  hours,  would  liberate  enough  ammonia 
to  turn  the  litmus  blue  in  about  five  minutes,  and  after  standing 
several  days  the  change  of  color  was  very  quick.  In  several 
cases  the  ammonia  could  even  be  detected  with  the  nose.  From 
5  to  lo  grams  of  soil  were  used  for  leaching. 

The  above  being  true,  it  follows  that  the  determination  of 
nitrogen  in  the  caustic  potash  extract  is  always  too  low  by  the 
amount  of  nitrogen  lost  in  the  form  of  ammonia.  This  loss 
apparently  depends  on  the  nature  of  the  soil  sample,  the  time 
occupied  in  leaching,  and  the  care  taken  to  prevenj  the  ammonia 
■  escaping  from  the  leaching  apparatus.  Therefore,  since  the 
nitrogen  in  the  caustic  potash  extract  is  too  low,  it  follows  that 
the  nitrogen  in  the  humus  would  also  be  too  low.  This  loss  of 
ammonia  doubtless  partly  explains  the  great  liability  of  duplicate 
results  of  the  determination  of  nitrogen  in  humus  to  disagree, 
and  more  particularly  accounts  for  the  variation  in  results  by 
different  analysts. 

By  Dr.  Hilgard's  method'  humus  is  determined  by  evaporating 
the  solution,  leached  from  calcium-free  soil  with  dilute  ammonia, 
drying  to  constant  weight,  igniting,  and  weighing.  The  differ- 
ence in  weight  is  regarded  as  humus. 

During  the  process  of  evaporation  the  ammoniacal  humus 
solution  undergoes  digestion  at  the  temperature  of  the  water-  or 
steam-bath.  Either  during  this  digestion  or  during  the  leaching 
process  (probably  during  both),  ammonia  is  absorbed  from  the 
leaching  solution  and  enters  into  stable  combination  with  the 
humus  extract.  The  free  ammonia  is  easily  expelled  by  evapo- 
ration, but  the  humus  residue  left  in  the  platinum  dish  after  being 
dried  at  100°,  or  even  iio''C.,  retains  part  of  theammonia  at 
least  that  it  has  taken  into  combination  from  the  leaching  solu- 
tion. This  added  ammonia  is  easily  expelled  with  lime  or  mag- 
nesia, but  not  all  the  nitrogen  of  the  residue  is  thus  driven  o9 
even  with  dilute  caustic  potash.  The  following  analyses  will 
illustrate  this  point : 

1  wile;'*  "  AgrlcaUanl  ADBlyiii."  Vol.  I.  p.  314,  (  }[|. 
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ll'Sfl  .e|3  ■Hg""'8 

-J-So-g  '  B  SB'S  a  5l»8;S 

o-rs9  1.860  0.67  0.97 

0-097  0.775  4.39  939 

was  at  first  thougfat  that  the  difference  in  the  per  cent,  of 
igen  in  the  caustic  potash  extract  and  the  ammonia  extract 
esented  the  loss  oi  nitrogen  in  the  form  of  ammonia  during 
extraction  with  caustic  potash,  but  it  was  found  that  a 
lar  difference  existed  when  the  utmost  care  was  exercised  to 
-ent  the  escape  of  ammonia  from  the  caustic  potash  solution, 
I  during  and  after  leaching. 

hese  results  led  to  the  analysis  of  the  soil  residues  which  had 
1  leached  with  caustic  potash  and  those  which  had  been 
hed  with  ammonia.  Approximately  50  per  cent,  of  the  total 
Igen  originally  present  remained  in  the  soil  after  leaching  with 
tic  potash. 

J.,       s 

0.159  0097 

0.13a  0.066 

0.097  0.038 

'he  average  of  the  second  column  of  figures  is  very  close  to 
Kr  cent,  of  the  first,  or  the  total  nitrogen  in  the  soils.     Pres- 

data  is  insufficient  to  determine  whether  this  ratio  is  true 
soils  taken  from  all  parts  of  the  state.     The  above  samples 

others  showing  similar  agreement  are  mostly  from  the  Santa 
ra  valley. 

Lfter  leaching  with  ammonia  and  drying  the  soil  residue  at 
°C.  or  distilling  the  residue  until  the  distillate  was  neutral 
litmus  paper,  from  a  little  over  \  to  1^  the  amount  of  total 
ogen  originally  present  in  the  soil  was  found  in  the  residue, 
lults  seemed  to  vary  somewhat  with  the  time  occupied  in  ex- 
ing  the  free  ammonia  from  the  soil  residue  by  heat,  the 

Ten  gnm*  of  lotl  majt  be  TCsdUy  dlgeited  by  tbli  mctbod. 
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distillation  method  giving  slightly  higher  results  than  by  drying 
at  ioo°  C.  This  might  have  been  expected  since  the  conditions 
of  the  two  processes  are  not  exactly  the  same.  One  sample  of 
Hawaiian  soil  containing  0.812  per  cent,  total  nitrogen  took  up 
0.430  per  cent,  of  nitrogen  from  a  2  per  cent,  ammonia  solution 
by  digestion  at  the  room  temperature  over  night  and  retained  it 
at  100°  C.     This  gave  a  total  nitrogen  of  1.242  per  cent. 

These  results  seem  to 'strongly  indicate  that  the  organic  or 
mineral  constituents  of  the  soil  left  on  the  filter  have  the  power 
to  absorb  ammonia  from  the  leaching  solution  during  the  process 
of  leaching  to  a  far  greater  extent  than  has  heretofore  been  sup- 
posed. It  seemed  highly  probable  that  the  soluble  organic  com- 
pounds in  the  extract,  called  humus  extract,  would  also  have 
this  power  of  taking  ammonia  from  the  leaching  solution.  This 
point  was  demonstrated  in  the  following  manner  :  Five  grams 
of  soil,  washed  free  of  calcium  salts,  were  distilled  with  lime  and 
the  nitrogen  in  the  distillate  determined.  Then  five  grams  of 
the  same  soil  were  extracted  with  ammonia  after  removing  the 
calcium  and  magnesium  salts  according  to  Dr.  Hilgard's  method. 
The  free  ammonia  was  expelled  from  the  extract  by  evaporating 
to  dryness  and  the  resulting  residue  distilled  with  lime  and  the 
nitrogen  determined  in  the  distillate.  This  was  repeated  witha 
number  of  samples  and  while  the  results  seemed  to  vary  consider- 
ably yet  more  nitrogen  was  invariably  obtained  from  the  ammonia 
extract  distilled  with  lime,  than  from  the  soil  distilled  with  lime. 
In  the  first  case,  that  is  where  the  soil  was  distilled  with  lime, 
it  will  be  noted  that  the  organic  compounds  which  are  insoluble 
in  dilute  caustic  alkalies  as  well  as  the  soluble  ones  were  sub- 
jected to  the  action  of  lime  in  hot  solution.  Since  lime  will  de- 
compose some  of  these  insoluble  nitrogenous  compounds  it  fol- 
lows that  more  nitrogen  should  have  been  obtained  in  the  first 
case  than  in  the  second  had  not  the  soluble  organic  compounds, 
leached  from  the  soil,  taken  up  nitrogen  in  the  form  of  ammonia 
from  the  ammoniacal  leaching  solution.  Hence,  we  conclude 
that  Dr.  Hilgard's  method  gives  too  high  results  for  humus  by 
the  amount  of  ammonia  taken  up  from  the  leaching  solution  and 
held  in  combination  by  the  extracted  organic  matter. 

Now,  since  nitrogen  in  the  humus  is  determined  by  dividing 
the  nitrogen  in  the  caustic  potash  extract,  which  is  too  low,  by 


SOIL  BOHUS.  389 

e  bumus,  which  is  too  high,  the  error  would  be  multiplied  and 
,e  result  would  be  invariably  too  low.  That  this  error  is  quite 
rge  and  not  to  be  neglected  is  clearly  shown  by  the  figures 
ven  above. 

By  a  slight  modification  of  the  method  the  ammonia  can  be 
■evented  from  escaping  during  leaching  with  caustic  potash, 
he  following  method  seems  to  overcome  all  difficulties  :  The 
il  to  be  leached  with  caustic  potash  is  placed  in  a  funnel  which 

closed  at  the  top  with  a  stopper  through  which  the  leaching 
lution  is  admitted  by  a  separatory  funnel.     The  glass  support 

a  Gooch  crucible  serves  very  well  for  the  funnel  holding  the 
il.  The  solution  from  the  soil  is  run  directly  into  dilute  sul- 
luric  acid,  the  bottle  containing  the  same  being  sealed  with  a 
tube  containing  sulphuric  acid.  Gentle  suction  can  be  applied 
<  this  apparatus  which  greatly  hastens  the  process  without  the 
ast  danger  of  losing  ammonia. 

It  is  more  difficult  to  correct  the  second  source  of  error;  i.  e., 
le  absorption  of  ammonia  by  the  organic  matter  extracted  from 
le  soil.  No  very  satisfactory  resultshave  been  obtained  although 
)nsiderable  time  has  been  devoted  to  the  matter. 

Before  leaching  the  soil  for  the  extraction  of  the  humus,  it  is 
ashed  with  dilute  hydrochloric  acid  until  the  filtrate  shows  no 
action  for  calcium.  It  is  well  known  that  the  organic  acids  of 
lils  form  single  and  double  salts  with  the  alkali  earths  and  with 
le  oxides  of  some  metals.  Calcium  is  a  stronger  base  than 
nmonia  ;  therefore,  an  acid  that  would  liberate  calcium  ought 
so  to  liberate  ammonia  from  these  double  insoluble  salts.  We 
id  supposed  that  this  hydrochloric  acid  solution  contained 
-actically  only  the  nitrates  and  nitrites  present  in  the  soil 
bich  would  be  worth  considering  only  in  exceptional  cases. 
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ility  of  organic  matter  and  organic  salts  even  in  very  dilute 
drochloric  acid.     We  believe  this  also  may  be  a  source  of  no 
lignificant  error  in  soil  analysis. 
It  would  be  interesting  to  know  whether  the  organic  matter 

soils  of  humid  regions  show  the  same  tendency  to  absorb 
imonia  in  such  relatively  large  amounts  as  the  soils  that  we 
ve  examined.  This  absorption  of  ammonia  seems  to  take 
tee  at  ordinary  temperature  as  well  as  in  hot  solutions.  The 
;e  or  maximum  amount  of  absorption  has  not  yet  been  deter- 
oed.  Hitherto  we  have  regarded  free  ammonia  as  being 
eluded  in  the  soil  but  it  now  seems  highly  probable  that  one 
the  functions  of  the  organic  matter  of  the  soil  is  to  absorb  the 
:e  ammonia  which  comes  to  it  in  solution  and  that  which  is 
aerated  in  the  soil  itself.  Possibly  in  nature  occlusion  precedes 
d  directly  aids  absorption  and  combination. 
Regarding  the  nature  of  humus  little  seems  to  be  really  known. 
humus  is  regarded  as  the  organic  matter  and  mineral  salts  of 
ganic  acids  extracted  from  soils  by  means  of  dilute  alkalies 
:  have  to  deal  undoubtedly  with  a  highly  complicated  mixture 

chemical  substances  in  various  stages  of  decomposition  and 
mbination.     Many  organic  nitrogenous  substances  are  soluble 

dilute  alkalies  without  having  undergone  a  process  of  decom- 
sition.  This  is  true  of  the  organic  matter  of  plants  as  well  as 
at  of  animals.  Sun-dried  grass,  weeds,  or  wood,  according  to 
e  generally  accepted  idea  of  the  term,  would  not  be  regarded  as 
imus.     Yet,  27.30 per  cent,  of  a  sample  of  clover  meal  dissolved 

25  cc.  of  a  5  per  cent,  solution  of  ammonia  at  room  temper- 
ure  by  standing  over  night.  The  undissolved  portion  con- 
ined  2.94  per  cent,  nitrogen.  Providing  this  residue  took  up 
<  free  ammonia  from  the  solution,  which  is  doubtful,  35.76  per 
nt,  of  the  total  nttrogeu  of  the  clover  meal  was  readily  soluble 
id  probably  more  would  have  been  dissolved  had  the  leaching 
ocess  been  used. 

This  is  more  or  less  true  of  other  organic  substances  which 
id  their  way  into  soils  and  form  a  part  of  them.  While  clover 
eal  may  be  an  excellent  fertilizer  much  of  it  would,  nevertfae- 
>s,  have  to  be  regarded  as  humus  by  the  present  methods  of 
lalysts.     In  fact  in  many  respects  clover  meal  extract  acts  as 
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humus  is  supposed  to  act.  Part  of  it  forms  insoluble  salts  with 
calcium  and  is  precipitated  with  alcohol. 

If  a  soil  be  boiled  with  an  excess  of  calcium  or  barium  salts 
and  the  soil  afterwards  extracted  with  ammonia  the  filtrate  will 
usually  have  a  color  closelj'  matching  that  of  dilute  ferric  chlo< 
ride.  If  the  same  soil  is  then  leached  with  hydrochloric  acid  and 
again  leached  with  ammonia,  the  resulting  solution  will  have  a 
much  darker  color  which  is  often  almost  black.  Yet  barium  or 
calcium  salts  precipitate  the  organic  matter  in  the  caustic  potash 
soil  extract,  leaving  an  almost  colorless  supernatant  liquid.  The 
precipitation  is  not  quantitative. 

Further  experiments  are  already  under  way  in  the  laboratory 
and  we  hope  to  have  further  data  of  interest  in  regard  to  humus 
and  soil  analyses  in  connection  with  field  experiments  with 
fertilizers. 

CbbmICAL  L&BOHl-tOKY  OP  K.  OBLAHDT  &  CO., 


LECTURE  EXPERIMENTS.     REVERSIBLE  CHEMICAL 
REACTIONS. 

BV  W.  hiSB   UltLEB  AND  P.  B.  EbNBICK. 

TUctLTVd  Apdl  l(,  19«. 

LECTURKS  on  physical  chemistry  are,  at  present,  less  in  need 
of  experimental  illustration  than  those  on  any  other  branch 
of  the  science,  being  delivered,  for  the  most  part,  to  small  classes 
of  advanced  students,  who  have  ample  opportunity  for  experi- 
menting in  the  laboratory.  Some  of  the  conceptions  and  dis- 
coveries which  form  the  subject-matter  of  that  department  have, 
however,  proved  of  such  importance,  that  it  is  very  desirable 
to  incorporate  them  into  the  elementary  course.  This  has 
hitherto  been  rendered  difficult  by  the  lack  of  suitable  lecture 
experiments. 

Among  the  most  important  of  these  discoveries,  is  that  of  the 
iTtcompleleness  and  reversilnliiy  of  a  very  laige  number  of  chemical 
reactions.  The  application  of  thermodynamical  methods  in 
the  treatment  of  such  cases  is  an  achievement  of  the  present 
day,  and  necessarily  forms  one  of  the  chief  subjects  of  study  of 
advanced  classes.  The  "average  student,"  however,  whose 
practical  acquaintance  with  chemistry  is  limited  to  a  course  in 


292  W.  LASa  MILLER  AND  P.  B.  EBNRICE. 

analysis,  knows  nothing  of  all  this.  He  knows  the  chemical 
reaction  as  a  quantitative,  non- reversible,  and  practically  instan- 
taneous phenomenon. 

It  does  not  occur  to  him  that  the  reactions  he  meets  with  in 
the  laboratory  have  all  been  selected  because  of  these  very  prop- 
erties, which  render  them  convenient  for  the  purposes  of  the 
analyst ;  generalizing  from  his  one-sided  experience,  he  is  apt, 
half  unconsciously,  to  form  views  on  chemical  affinity  practically 
identical  with  those  of  Bergmann.  Theories  based  on  the  rate 
of  inversion  of  cane-sugar,  and  on  Berthelot's  experiments  with 
alcohol  and  acetic  acid — the  experiments  themselves  are,  unfor- 
tunately, quite  unsuited  to  the  lecture  table — do  not  make  much 
impression  on  one  whose  daily  experience  points  in  the  other 
direction  ;  if  anything,  they  serve  only  to  accentuate  the  feeling 
of  unreality  associated  with  the  "  other  world"  of  organic  chem- 
istry. 

Reactions  involving  the  addition  and  removal  of  water  of  crj-s- 
tallization,  or  the  formation  and  decomposition  of  double  salts  or 
other  "  molecular"  compounds  are  likewise  unsatisfactory.  To 
be  convinced,  the  student  must  see  a  "  genuine"  chemical  reac- 
tion, I.  e.,  one  used  in  analysis  or  on  the  large  scale  in  chemical 
manufacture,  reversed  before  his  eyes. 

The  following  half  dozen  reactions  have  been  selected  from 
this  point  of  view  ;  the  instructions  include  all  the  details  that 
we  have  found  necessary  in  exhibiting  them  before  a  large 
audience. 

I.   AMUONIOM  THIOCYANATE  AND  FERRIC  CHLORIDE. 

Approximately  equivalent  solutions  of  these  substances  are 
prepared,  the  first  containing  : 

Ammoniam  thiocyanate 7.5  grama 

Water    to  make  xx>       cc. 

and  the  second  : 

Commercial  (basic)  ferric  chloride 6  grama 

Concentrated  hydrochloric  acid  (sp.  gr.  1.175) 35    cc. 

Water  to  make  joo    cc. 

Five  cc.  of  each  are  mixed  in  alarge  beaker,abouttwolitersot 
(tap)  water  added,  and  the  orange-colored  mixture  poured  in 
equal  quantities  into  four  beakers. 
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le  ii  added  The  color  bebome*       ReacUoa. 

t        5  cc.  am.  tbiocyanate  solution.  dark  red  •_ 

ad       5  cc.  ferric  chloride  solution.  dark  red  m-r 

d       50  cc.  saturated  am.  chlor.  sol.  almost  colorless  —m 
ile  the  fourth  is  kept  for  comparison.                orange 

the  reaction  be  represented  by  the  equation 

Feci,  +  3NH.SCN  tl  Fe(SCN),  +  3NH.CI 
the  amount  of  ferric  thiocyanate  be  judged  from  the  depth 
ilor  of  the  solution,  the  reaction  between  equivalent  quanti- 
must  be  regarded  as  incomplete.  The  changes  of  color 
nterpreted  by  the  arrows  in  the  last  column  (indicating  the 
;tion  of  the  reaction). 

order  to  show  the  efiect  of  dilution  in  destroying  the  fer- 
tiiocyanate  (dissociation),  equal  quantities  of  the  orange- 
■ed  mixture  may  be  placed  in  two  rectangular  glass  troughs 
[ual  width,  one  of  which  is  about  twice  as  thick  (from  back 
ont)  as  the  other.  Water  is  then  added  to  the  solution  in 
arger  trough  until  the  level  is  the  same  in  both,  and  a  piece 
hite  paper  held  at  a  little  distance  behind  the  two  troughs, 
I  from  the  front,  the  more  dilute  solution  appears  much  less 
ily  colored  than  the  other.  For  purposes  of  comparison, 
;o  or  potassium  permanganate  may  be  used,  which  give  the 
:  color  in  the  two  vessels.  Rectangular  battery  jars  a 
well,  as  the  change  in  color  is  so  marked  that  1 
tie  glass  is  of  no  moment. 

II.   BISMUTn  CHLORIDE  AND  WATER. 
"  bismuth  solution  "  is  prepared  as  follows  : 

Commercial  "  bismuth  trisnit " 40  grams 

Hydrochloric  acid  (sp.  gr.  1. 175) 40    cc. 

lb  together  in  a  mortar,  as  the  powder  cakes ;  a  trifling  residue  may 
Itered  ofi. 

he  reaction  with  water  is  represented  by  the  equation  : 
BiCl.  +  H,0  ZZ  BiOCl  +  2HCI. 

To    JO  cc.  water  add  5  cc.  bismuth  solution »-» 

Add   see.  hydrochloric  acid  (sp.  gr.  1.175) •-« 

;;    75  "   w»ter — 

"     5  "  acid -—m 

"300  "   water _-> 

"joo  "  water •— 

Pour  in  acid  from  the  reagent  bottle •-■ 
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The  reaction  may  be  carried  out  in  a  glass  cylinder,  about 
ihree  inches  in  diameter,  holding  about  a  liter.  If  small  marks 
X  made  at  the  proper  heights  on  the  cylinder  the  water  may 
\x  poured  in  without  measuring. 


qT 


r^'- 


The  acid  may  be  delivered  from  a  pipette  or  burette,  or  it  may 
be  dipped  out  of  a  beaker  with  the  little  measure  figured  in  the 
margin  (made  of  a  piece  of  test-tube  and  a  glass  rod). 

III.   AMMONIA  WITH  SALTS  OP  COPPER  AND  OF  SILVER. 

Stiver  Bromide. — Excess  of  potassium  bromide  is  added  to  is 
:c.  of  fifth-normal  silver  nitrate  solution ;  the  precipitate  ia 
nashed  once  by  decantation,  shaken  with  15  cc.  of  ammonia 
(sp.  gr.  0.915)  and  filtered.  In  the  solution  so  obtained  a  pre- 
:ipitate  is  produced, 

(a)  adding  a  drop  of  potassium  bromide  solution, 

{6)  adding  a  drop  of  silver  nitrate  solution, 

(c)  adding  five  times  its  volume  of  water, 

(d)  boiling,  or 

(e)  exposing  (in  a  fractionating  flask)  to  the  vacuum  of  a  fil- 
ter-pump. 

Copper  Sulphate. — Five  cc.  copper  sulphate  solution  (100 
;rams  blue  vitriol  in  i  liter)  are  mixed  with  5  cc.  5/1  normal 
nmmonia  and  diluted  with  400  cc.  distiUed  water.  The  addition 
3f4oocc.  more  distilled  water  produces  a  precipitate.  If  the  re- 
iction  be  carried  out  in  a  flat  glass  cell  (an  inch  thick)  with  an 
incandescent  lamp  behind  it,  the  change  from  clear  to  turbid  is 
irery  distinct.  This  experiment  should  be  rehearsed  immediately 
t>efore  the  lecture,  as  the  presence  of  traces  of  acid,  carbon  diox- 
ide, or  ammonia  salts,  largely  increases  the  amount  of  watei 
necessary  to  produce  a  precipitate.  If  tap  water  be  iised  instead 
3f  distilled  water,  half  as  much  again  may  be  required. 

IV.   POBHATION  AND  DISSOCIATION  OF  WATER,  ETC. 
Eudiometer. — A  very  convenient  lecture  table  eudiometer  con- 
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of  a  straight  glass  tube  (lo  mm.  diameter  and 

nm.  loDg)  open  at  one  end  and  fused  to  a  capll-  i^J\ 

with  capillary  tap  at  the  other.    The  platinum  ^^ 

s  are  sealed  through  the  wide  tube  just  below 

inctiou  with  the  capillary,  and  the  divisions 

narked  with  rings  of  Brunswick  black.    A  piece 

on  pipe,  widened  at  the  mouth,  serves  as  a 

;ury  trough. 

easured  volumes  of  the  various  gases  (H„  0„ 

CI,,  etc.)  may  be  admitted  through  the  tap,  if 

:udiometerbe  first  filled  with  mercury,  and  the 

don  corresponding  to  the  volume  desired  be 

evel  with  the  surface  of  the  mercury  in  the  ii 


1 


lie  union  of  two  volumes  of  carbon  monoxide 
one  of  oxygen  may  be  shown  by  introducing 
tie  30  per  cent,  potash  above  the  mercury  in  the 
ometer ;  while  in  a  subsequent  experiment 
hout  potash)  the  volume  of  the  carbon  dioxide 
led  may  be  determined. 

he  formation  of  hydrochloric  acid  from  one  vol- 
:  of  hydrogen  and  one  of  chlorine  may  be  shown 
I  a  fairdegree  of  accuracy,  if  the  mercury  trough  ''*?^ 

eplaced  by  brine  from  the  chlorine  gasometer  in  a  tall  glass 
□der. 

1  many  cases,  notably  with  CO  and  0„  the  gases  must  be 
ed  by  shaking  the  tube  vertically  before  passing  the  spark, 
0  explosion  will  occur. 

'tvUU's  Tube  (Fig.  3.), — A  coil  of  platinum  wire  hung  verti- 
7  in  the  neck  of  a  fractionating  flask  and  heated  by  electric- 
is  just  as  efficient  as  any  other  "  white  hot  platinum  tube" 
ringing  about  the  dissociation  of  water  vapor.  It  works  very 
:h  better  than  the  noisy  induction  sparks  commonly  employed, 
concentrated  ammonia  (sp.  gr.  0.880)  be  warmed  in  the 
I,  the  apparatus  may  be  made  use  of  to  effect  the  decompo- 
m  of  NH,  into  N,  and  H,. 

V.   SCLPHDRIC  ACID  AND  SODIUM  CHLORIDE. 
,  Concentrated  sulphuric  acid  is  poured  into  its  own  volume 
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of  a  saturated  solution  of  common  salt  in  a  test-tube.      The  ni 
ture  may  be  cooled  under  the  tap  and  shaken  ;  but  in  geaen 


Fig.S. 

crystal  of  Glauber's  salt  must  be  added  before  crystallizati 
will  occur.  The  liquid  is  poured  off,  and  the  crystals  dried 
a  piece  of  uuglazed  porcelain. 

2.  If  someof  the  sodium  sulphate  so  prepared  be  cohered  wi 
concentrated  hydrochloric  acid  (ou  a  watch-glass)  it  is  at  on 
changed  to  a  fine  powder  of  sodium  chloride  ;  which,  in  tui 
may  be  freed  from  acid  on  a  porous  plate. 

To  demonstrate  the  change  from  chloride  to  sulphate,  a 
back  again,  mix  a  drop  of  the  original  salt  solution  with  a  lit 
water  on  a  piece  of  glass  the  size  of  an  ordinary  lantern  slid 
warm  till  crystallization  sets  in,  and  throw  the  image  ODt 
screen  (Fig.  4).  The  same  may  be  done  with  small  portions 
the  sulphate  (Pig.  5)  and  sodium  chloride  formed  in  the  e 
periment. 

VI.   ANTIMONY  CHLORIDE  AND  HYDROGEN  SITLPHIDE. 

Ad  antimony  solution  is  prepared  as  follows:  Dissolve  2  grat 
tartar  emetic  in  15  cc.  hydrochloric  acid  (sp,  gr.  i.i75);th( 
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I5  cc.  water.     (This  solution  caunot  be  kept  more  than  two 
ree  hours  as  aprecipitate  of  oxychloride  is  slowly  formed.) 
aSbCl,  +  3H.S  ZZ  Sb,S,  +  6HCI. 

(a)  Pass  a  little  H^  into  5  cc.  an tiniony  solution _-> 

{d)  Add  8  cc.  hydrochloric  acid  (ap.  gr.  t.175)    «.^ 

[c)      "     5  "     aDtimony  solution ^. 

{d)  Heat,  not  to  boiling ^.^ 

(f)  Cool  again  (in  a  dish  of  vater)  s-k 

(/)  Add  6  cc.  hydrochloric  acid ._^ 

{g)  Pass  in  H,S  under  pressure  of  3  meters  Hg _-. 

[i)  Rednce  pressure  by  filter-pump .,_« 

fcj. — {c)  If  the  addition  of  antimony  does  not  bring  down 


ly  heavy  precipitate,  hydrogen  sulphide  should  be  passed 
ain,  or  there  will  be  no  precipitate  in  (e). 

Cool  only  until  a  precipitate  appears,  then  add  the  acid  (/) 
inish|cooling  ;  if  too  much  precipitate  is  formed  it  dissolves 
slowly  in  the  acid. 

}  The'necessary  pressure  may  be  secured  by  means  of  the 
)  described  below.  With  a  rubber  "syringe"  (bulb  and 
ralves)  worked  by  hand,  a  pressure  of  about  one  meter  of 
ury  (above  the  atmosphere)  may  be  maintained ;  this  is 
ient  for  the  purposes  of  the  experiment,  but  the  precipitate 
:s  much  more  slowly  than  when  the  pump  is  used.  The 
;t  of  the  vacuum  (A)  also  is  to  save  time. 
It  reaction  maybe  conveniently  carried  out  in  the  glass ves- 
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sel  represented  in  Fig.  6.  The  hydrogen  sulphide  enters  by  A 
which  may  be  tied  in  by  wire  round  the  ears  £.  A  is  connected 
to  the  pump  by  rubber  pressure  tubing,   and  B  (the  outlet)  to 


rig.6. 

the  flue.  All  taps  should  be  wired  in.  Joints  may  be  made 
with  ordinary  rubber  tubing  covered  with  cloth  and  wired. 
VII.  PRBSSUKE  PUMP  FOR  GASES. 
The  accompanying  figure  (Fig.  7')  represents  the  pump 
referred  to  in  the  preceding  paragraphs.  It  consists  of  three 
pieces  of  black  rubber  tubing  T  (of  which  two  are  shown  in  the 
figure)  each  i  inch  in  diameter  and  18  inches  long,  closed  at  the 
bottom  and  connected  at  the  top  by. glass  tubing  tea  pair  of  Bun- 
sen  valves.  The  valves  are  shown  separately  in  Fig.  8  and  are 
so  arranged  that  on  compressing  the  tubes  the  gas  contained  in 
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m  is  forced  out  through  D,  and  od  removing  the  pressu 
y  are  refilled  through  F. 

Phe  compression  is  effected  by  moving  the  handle  H  to  tl 
ition  indicated  in  the  figure,  thereby  opening  the  brass  ti 
(commKnicating  with  the  water  mains)  and  closing  S  (totl 
t ) .     Water  thereupon  flows  through  the  glass  pipe  P  into  t 


Fig.  p. 

ass  cylinder  C  containing  the  rubber  tubes  T.  Moving  t 
□die  in  the  opposite  direction  fills  the  tubes  again  with  gt 
The  top  of  the  cylinder  is  closed  by  a  rubber  plug  covered  wi 
brass  platp  {\  inch  thick)   which  is  held  down  by  four  i-in^ 
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brass  rods  threaded  at  the  ends  and  provided  with  nuts.  The 
ends  of  the  tubes  are  closed  by  glass  plugs,  wired  in  ;  in  order 
to  keep  the  rubber  from  tearing,  a  wedge-shaped  piece  of  corlc  is 
inserted  at  each  end,  as  shown  by  the  dotted  lines  in  the  figure. 
The  capacity  of  the  pump  is  500  cc.     Three  strokas  are  suffi- 


cient  to  attain  the  maximum  pressure  in  the  antimony  sulphide 
experiment. 

With  this  apparatus  a  gas  can  be  brought  to  the  pressure  of 
the  water  system  oiitkout  comings  into  coniad  with  any  liquid. 
Higher  pressure  may  be  attained  by  using  a  force  pump  ;  the 
limit  depends  only  on  the  strength  of  the  apparatus  and  on  tbe 
ratio  between  the  variable  volume  (rubber  tubing)  and  the  con- 
stant volume  (glass  tubing)  between  the  valves. 
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[Contributions  f&om  the  Havhukvbr  Labobaturies  of  Coi,01Uu 

Universitv,  No.  23,] 

A  NEW  ELECTROLYTIC  CELL  FOR  RECTIFYINO 

ALTERNATING  CURRENTS. 


IN  electrical  work  an  automatic  device  which  will  permit  a  cur- 
rent to  pass  through  it  in  one  direction  only  is  frequently 
desirable,  for  rectifying  alternating  currents,  for  example,  or  for 
preventing  a  back-flow  of  current  due  to  polarization.  In  addi- 
tion to  mechanical  commutators  several  arrangements  for  the 
purpose  have  been  previously  known,  but,  with  one  exception, 
they  are  applicable  to  comparatively  high  voltages  only.  This 
exception  is  the  two-cell  rectifier  described  by  Prof.  M.  I.  Pupin 
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e  the  American  Physical  Society.'  In  the  present  paper  a 
class  of  electrolytic  cells  capable  of  affecting  currents  of 
mely  low  voltage  is  described.  These  cells  act  by  the  pro-  ' 
on  of  a  counter  E.  M.  F.  of  polarization  whose  intensity 
ids  on  the  direction  of  the  K.M.F.  impressed,  and  have 
termed  "Single  Cell  Rectifiers." 

1  plate  of  copper  be  placed  in  dilute  sulphuric  acid  it  will 
dissolve.  If,  however,  a  platinum  electrode  be  placed 
le  acid,  and  the  copper  made  the  anode,  a  very  small 
[.  F.  is  sufficient  to  cause  the  copper  to  dissolve  freely 
hydrogen  to  be  deposited  on  the  platinum,  and  a  cur- 
irill  pass  until  all  the  copper  is  carried  into  solution.  When 
source  of  the  E.  M.  F.  is  reversed  a  momentary  current 
s,  the  platinum  plate  becomes  covered  with  oxygen,  and,  tf 
npressed  voltage  is  not  too  high,  the  current  ceases  almost 
iletely.  That  is,  the  cell  Cu  |  H.SO.  |  Ft,  producing  no 
nt,  permits  the '  passage  of  continuous  currents  of  low 
.  P.  through  it  in  one  direction  only. 

placing  a  number  of  such  cells  in  series  it  is  possible  to 
■nt  the  flow  of  a  current  of  any  voltage  whatsoever.  Such 
I  may  be  used  for  the  rectification  of  alternating  currents  by 
gulating  the  size  of  the  platinum  plate  that  the  quantity  of 
mt  necessary  to  polarize  it  as  anode  is  less  than  that  which 
:s  during  the  next  half-wave,  when  the  platinum  acts  as 
>de.  The  smaller  the  platinum,  or  passive  plate,  the  higher 
iegree  of  rectification  (asymmetrical  efficiency)  attainable, 
amount  of  rectification  is  dependent,  however,  not  only  on 
ize  of  the  passive  plate,  but  also  on  the  quantity  of  current 
h  can  pass ;  that  is,  on  the  current  density  at  the  surface  of 
plate.  Consequently  the  lower  the  resistance  in  the  circuit 
e  lower  the  frequency  of  the  alternating  E.  M.  P.  impressed 
;reaterwill  he  the  asymmetrical  efficiency. 

the  cell  Cn  |  H.SO,  |  Pt,  or  more  properly  speaking, 
CuSO,  I  H.SO,  I  Pt,  considerably  more  energy  is  required 
rodnce  hydrogen  at  the  passive  plate  than  is  given  out  by 
solution  of  the  copper,  or  active  plate.  As. this  evidently 
rs  the  efficiency  of  the  device  by  producing  an  E.  M.F, 
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counter  to  the  main  flow  of  current,  means  should  be  adopted  ol 
making  the  energy  given  out  at  the  active  plate  and  thai 
absorbed  at  the  passive  as  nearly  equal  as  possible.  By  making 
the  active  plate  of  the  substance  given  off  at  the  passive  pl^< 
by  the  current  in  the  "  useful"  direction  this  condition  can  tx 
□early  fulfilled.  The  substance  produced  at  the  passive  plat< 
should  be  a  gas,  as  otherwise  that  electrode  will  soon  becoitu 
covered  with  a  layer  of  active  substance  and  cease  to  be  inert 
Gaseous  active  electrodes  may  be  formed  with  hydrogen,  oxygen, 
chlorine,  etc.,  as  the  active  material,  absorbed  by  platinum  orii 
chemical  combination  with  some  metal. 

Of  such  electrodes  the  writer  has  found  that  hydrogen  whet 
absorbed  by  platinum  black  gives  by  far  the  best  results,  and  cai 
be  made,  in  addition,  self-regenerating,  giving  a  "continuonfr 
acting"  rectifier  such  as  is  shown  in  illustration.  V  is  a  sealed 
vessel  into  which  pass  two  mercury-contact  electrodes  A  and  P, 
A,  the  active  plate,  is  of  platinized  platinum,  partly  in  hydrogei 


gas  (H)  and  partly  in  sulphuric  acid  (H,SO,).  P,  the  passive 
electrode,  is  a  platinum  wire  sealed  into  glass  and  cut  off  to  give 
the  desired  surface  of  contact  with  the  liquid,  or  filed  plane  with 
the  sealed  end  of  the  tube.  The  "  useless"  current  carries  oxy- 
gen to  P,  but  is  of  insufficient  voltage  to  produce  bubbles,  and 
the  cell  polarizes.  In  the  opposite,  or  "useful"  direction 
hydrogen  is  carried  from  A  to  P,  is  there  given  off  in  bubbles, 
and  goes  back  to  join  again  the  gas  H.  It  is  clear  that  since 
nothing  but  hydrogen  is  produced  at  P,  provided  the  impressed 
E.  M.  F.  is  not  too  high,  that  the  cell  will  work  for  an  indefinite 
time,  or  until  changes  in  the  surface  of  the  platinum  electrodes 
stop  the  actions  described. 

For  the   most  perfect  action  of  rectifiers  of  this  class  there 
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Quld  be  no  counter  E.  M.  F.  in  the  "  useful"  direction.  In 
2  hydrogen-cell  it  requirts  from  a  few  thousandths  of  a  volt 
0.085  ^olt  to  carry  the  gas  through  the  electrolyte,  the  pres- 
re  varying  with  the  size  of  the  passive  electrode  and  thecondition 
its  surface,  the  concentration  of  the  liquid,  the  temperature, 
;.  This  counter  E-  M.  F.  can  be  "balanced,"  as  is  necessary 
'  certain  kinds  of  work,  by  adding  an  K.  M.  F.  in  the  "  use- 
["  direction,  taken  from  a  slide-wire  in  series  with  i  or  2  cells 
battery. 

It  is  impossible  to  specify  the  size  of  the  various  parts  of  a  cell 
thout  knowing  all  the  conditions  under  which  it  is  to  be  used. 
i  a  general  rule  the  small  (passive)  electrode  should  be  of  the 
mensions  of  a  millimeter,  ranging  in  area  from  a  small  fraction 

I  sq.  mm.  up  to  100  sq.  mm.,  according  to  the  frequency  and 
e  resistance  or  inductance  in  the  external  circuit.  The  plat- 
ized  electrode  should  be  of  sufficient  size  to  absorb  hydrogen 

fast  as  it  is  given  off  at  the  passive  plate.  For  the  electrolyte 
part  sulphuric  acid  to  about  8  or  10  of  distilled  water,  from 
lich  the  oxygen  has  been  removed  by  boiling  or  exhaustion, 
rves  very  well.  The  vessel  need  only  be  large  enough  to  contain 
e  two  electrodes  and  a  little  liquid  and  gas,  the  latter  two  being 
iployed  continuously,  and  only  a  very  small  quantity  being  in 
e  at  any  one  time.  The  larger  electrode  should  be  thoroughly 
ished  after  platinizing,  as  otherwise  platinum  may  be  carried 

the  smaller  electrode,  impairing  the  efBciency.  A  jar  of 
iter,  in  which  the  cell  may  be  kept,  offers  a  convenient  method 

sealing,  for  laboratory  use. 

The  following  points  will  be  found  of  service  in  working  with 
e  cell,  and  have  been  obtained,  for  the  most  part,  by  the 
idy  of  curves  taken  with  alternating  currents.  More  complete 
:positions  of  the  theory  and  actions  of  rectifiers  of  this  class 

II  be  found  in  other  papers  by  the  writer,' 

The  smaller  the  plates  the  greater  the  asymmetrical  efficiency. 
The  greater  the  resistance  in  the  circuit  the  less  the  asym- 
etrical  efficiency. 

The  higher  the  frequency  the  less  the  asymmetrical  efficiency. 
The  higher  the  frequency,  or  the  greater  the  resistance,  or  the 
rger  the  plates,  the  higher  may  be  the  impressed  alternating 

lEUc.  IVorldandEHg.,  igaa;  Sc/iaol qf  Mint] Omrterly.  }n\y  %oi  Oct..  1900. 
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E.  M.  F,  in  a  given  cell,  without  producing  oxygen  bubbles  a 
the  smaller  plates. 

In  a  perfectly  "balanced"  rectifier,  as  long  as  the  impressei 
E.  M.  F.  is  not  too  high,  the  quantity  of  current  capable  of  doini 
unidirectional  work  is  proportional  to  the  impressed  E,  M.  F. 

If  the  active  E.  M.  F.  of  a  rectifier  be  too  high  a  continuon 
current  will  flow,  and  the  amount  of  rectification  be  dependen 
on  the  impressed  E.  M.  F.;  if  the  latter  below,  rectification  ma; 
cease  completely. 

If  the  active  E.  M.  F.  be  too  low  the  amount  of  rectification  i 
dependent  on  the  impressed  E.  M.  F.,  and  may  become  zero  i 
the  latter  be  low.  This  property  prevents  the  use  of  rectifier 
in  circuits  in  which  any  considerable  counter  E.  M.  P.  is  pro 
duced. 

Rectifiers  for  high  E.  M.  P.  can  be  formed  by  joining  a  numbe 
of  cells  in  series.  The  passive  plates  in  each  can  then  be  coi 
respondingly  increased  in  size,  while  the  whole  set  gives  th' 
same  efficiency  as  one  of  the  cells  gave  before  its  electrode  wa 
enlarged.  The  number  of  rectifiers  and  the  impressed  E.  M.  F 
should  be  proportioned  to  their  circuit  exactly  as  primary  cell 
are  proportioned,  each  primary  cell  being  represented  by  ! 
rectifier  and  a  certain  portion  of  the  impressed  E.  M.  F. 
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A  METHOD  FOR  THE  DETERMINATION  OF  ELECTRI- 
CAL CONDUCTIVITY  WITH  DIRECT  CURRENT 
INSTRUriENTS. 

IN  the  determination  of  electrical  conductivity,  in  order  lo  prt 
vent  errors,  it  is  necessary  to  use  an  alternating  curreni 
whose  frequency  is  of  such  a  value  that  the  electrodes,  during  i 
half  period  of  the  alternating  current,  receive  a  polarizadot 
which  is  negligible  compared  to  the  voltage  impressed.  Up  t( 
the  present  time  it  has  been  difficult  to  detect  small  quantities  ol 
an  alternating  current,  except  by  aid  of  the  telephone.     In  thf 
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Kohlrausch-Ostwald  method  the  electrolyte  is  placed  in  one  am 
>f  a  Wheatstone  bridge,  an  alternating  current  passed  througl 
t  and  the  resistance  balanced  on  the  bridge  wire  against  ! 
cDown  value  by  aid  of  the  telephone.  Mcllhiney'  passes  ! 
lirect  current  through  a  direct  current  measuring  instnimen 
ind  then  transforms  it  into  an  alternating  current  with  a  rota 
:ing  pole  changer  and  carries  it  through  the  electrolyte. 

One  o(  us'  has  designed  a  number  of  rectifying  cells  for  thi 
jurpose  of  permitting  the  passage  of  current  in  one  directioi 
>nly,  so  that  an  alternating  current  in  going  through  them  i 
uore  or  less  rectified  and  has  many  of  the  properties  of  a  direc 
>ne.  Of  these  cells  the  most  suitable  for  laboratory  use  is  thi 
continuous  acting  hydrogen  cell,  which  has  been  applied  to  coq 
luctivity  measurements  in  the  following  way  :  The  apparatu 
For  the  substitution  method  is  arranged  as  in  Fig.  i.     The  alter 


lating  current  from  A  passes  through  the  electrolyte  in  C  am 
he  non-indnctive  resistance  R,,  to  the  terminals  of  which  is  con 
lected  a  direct  current  instrument  in  series  with  the  rectifyiu] 
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»1I.  The  reading  of  the  instrument  is  noted  when  the  currenl 
passes  through  the  unlcnown  resistance  C,  then  S  is  moved  so 
as  to  replace  C  by  R,,  a  non-inductive  adjustable  resistance, 
and  this  varied  until  the  same  reading  is  observed  as  before.  II 
the  proper  precautions  have  been  observed,  the  resistance  of  R, 
is  equal  to  C  and  the  conductivity  may  be  calculated. 

For  the  source  of  the  alternating  current  we  have  found  a 
small  alternator  to  be  more  satisfactory  than  the  small  indactioi 
»ils  commonly  used  ;  there  is,  however,  apparently  no  reason 
why  a  properly  arranged  coil  should  not  be  available.  With  th« 
ordinary  (Kohlrausch)  electrodes  and  an  alternating  pressure 
jf  2  volts  the  results  were  found  to  agree  very  satisfactorily  witi 
those  obtained  by  the  Kohlrausch-Ostwald  method. 

For  the  highest  sensitiveness  the  following  conditions  should 
obtain.  The  resistance  of  R,  which  must  be  small  compared 
nrith  C,  should  be  as  large  as  possible. 

The  instrument  V  (galvanometer)  should  give  large  readings 
with  small  currents,  and  its  resistance  should  be  low.  The  fre- 
quency of  the  alternating  current  should  be  as  low  as  allowable, 
the  voltage  as  high  as  allowable,  and  the  electrodes  in  C  large. 
The  area  of  the  inert  electrode  in  the  rectifier  should  be  «mall  so 
IS  to^ive  a  high  asymmetrical  efficiency  (percentage  of  rectifi- 
cation). 

A  considerably  more  sensitive  arrangement  is  obtained  by  re- 
placing R„  H  and  V  by  a  differential  wound  instrument  wtibse 
two  windings  are  exactly  alike  and  are  in  series  each  with  a 
rectifier.  If  these  two  coils  are  properly  arranged  all  waves  of 
3ne  sign  will  go  through  one  winding,  and  all  of  those  of  tbe 
opposite  sign  through  the  other  (Fig.  2).  This  utilizes  tbe 
whole  of  both  half  waves  of  current,  instead  of  only  a  part  of 
3ne,  so  that  the  deflection  of  ^he  needle  is  very  much  greater. 

The  hydrogen  cell  rectifier  can  be  "balanced"  by  adding  a 
imall  electromotive  forcein  series,  so  that  up  to  a  certain  point 
1  direct  current  instrument  in  series  with  it  will  give  readings 
almost  exactly  proportional  to  the  alternating  current.  Knowing 
:he  alternating  voltage,  the  rectification  constant  of  the  hydro- 
i;en  cell  and  the  resistances  of  C  and  H,  the  resistance  of  C  can 
be  calculated  directly  from  the  readings  of  V.  This  method  can 
3e  used  without  "balancing  "  the  cell  by  calibrating  V,  using 
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rent  known  resistances  in  place  of  C,  The  resistance  of  C 
:hen  be  read  directly  from  the  scale  of  the  instrument.     In 

these  modifications  the  frequency  of  the  alternating  current 

:  remain  the  same,  and  neither  is  as  accurate  as  the  first  one 

ibstitution. 

le  hydrogen  cell  rectifier  permits  the  use  of  an  optical  detector 

ad  of  the  telephone  in  the  Kohlrausch-Ostwald  method. 

telephone  is  replaced  by  a  resistance  and  a  sensitive 
inometer  in  series  with  the  "balanced"  cell,  arranged  like 
and  H  in  Fig.  2.  The  point  on  the  slide  wire  which  gives  no 
ction  is  then  the  same  one  as  found  by  the  telephone. 
»  "balance"  the  cell  the  circuit  of  a  Lecianch^  is  closed 
igh  a  high  resistance  and  a  slide  wire.  The  alternating  cur- 
being  stopped,  an  electromotive  force  Is  taken  from  the 

wire  and  sent  through  the  rectifier,  the  slide  being  left  just 
N  the  point  which  shows  deflection.  If  "overbalanced" 
!ell  will  give  a  constant  deflection,  but  if  "  underbalanced  " 
low  voltage  current  obtained  will  give  no  deflection.  An 
igement  like  Fig.  2  will  give  here  greater  sensitiveness,  but 
nethod  of  substitution  as  first  described  is  the  simplest  and 
i  the  best  results. 
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»N  THE  PREPARATION  OF  POTASSIUM  XANTHATE 

FOR  NICKEL  DETERTIINATIONS. 


1895  the  author  with  W.  H.  Andrews  published  a  method  for 
the  determinaHon  of  nickel  in  nickel  steel.'  This  method 
been  in  use  in  this  laboratory  since  its  publication  and  has 
n  very  satisfactory  results,  provided  the  potassium  xanthate 
1  had  been  properly  prepared.  The  potassium  xanthate 
illy  found  on  the  market  has  not  been  satisfactory  owing  to 
fact  that  the  salt  after  making  has  not  been  carefully  washed 
dried.  The  practice  in  this  laboratory  has  been  to  have 
I  student  prepare  the  potassium  xanthate  used  in  his  own 
k. 

Thii  Joonial.  17,  itj. 
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The  method  of  preparation  is  as  follows :  A  weighed  amon 
of  fused  potassium  hydroxide  is  placed  with  absolute  alcohol 
a  tightly  stoppered  flask  and  digested  cold,  with  occasioi 
shalcing,  until  solution  is  complete,  except  for  the  small  amou 
of  potassium  carbonate  usually  present;  2.5  cc.  of  absok 
alcohol  should  be  used  for  each  gram  of  potassium  hydroxide. 

The  clear  solution  of  potassium  hydroxide  is  poured  off  frc 
any  undissolved  carbonate  into  a  bealcer  and  cooled  by  standii 
in  ice-water.  Pure  carbon  disulphide  is  now  gradually  addi 
with  constant  stirriug  until  i  cc.  has  been  added  for  each  gra 
of  potassium  hydroxide  used.  When  all  the  carbon  disulphii 
has  been  added  the  stirring  is  continued,  the  beaker  being  ke 
in  ice-water  until  the  temperature  is  reduced  to  10°  C.  or  beloi 

The  formation  of  potassium  xanthate  takes  place  according 
the  reaction : 

KOH  +  C,H,OH  +  CS,  =  KCjH.COS,  +  H,0. 

The  precipitated  salt  is  transferred  best  to  a  Buchner  fUDU 
in  which  a  filter-paper  has  been  laid,  and  the  solution  drawn  01 
by  means  of  a  pump.  When  the  solution  has  been  draw 
through,  the  precipitate  is  pressed  rather  firmly  down  in  tl 
funnel  and  washed  once  by  pouring  over  it  just  enough  absolui 
alcohol  to  cover  it  well.  When  the  alcohol  has  been  draw 
through,  the  precipitate  is  washed  twice  in  a  similar  manner  wit 
ether.  The  washed  xanthate  thus  prepared  is  thoroughly  drie 
at  about  100°  C.  and  after  pulverizing  is  ready  for  use. 

We  have  found  that  potassium  xanthate  made  by  the  abov 
metliod  is  perfectly  stable,"  just  as  accurate  results  having  hee 
obtained  with  xanthate  that  had  been  kept  three  years  as  wit 
the  fresh  material.  With  ordinary  care  in  preparation,  theyiel 
of  potassium  xanthate  is  about  10  per  cent,  greater  than  th 
amount  of  potassium  hydroxide  used. 

ANN  AKBOK,  MiCB., 
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ON  THE  RELATION  OF  THE  REDUCINQ  POWER  OF 

NORMAL  URINE  TO  THE  AMOUNT  OF  CERTAIN 

NITROGEN  COMPOUNDS  PRESENT. 

Bv  J.  il.  LoNO. 

I"*  HE  reducing  power  of  normal  urine  is  easily  observed  by  the 
i  application  of  certain  reagents  and  was  at  one  time  sup- 
sed  to  be  largely  or  mainly  due  to  the  presence  of  dextrose  or 
me  similar  body.  In  fact,  based  on  the  reducing  power  alone, 
timatesoftbe  amount  of  carbohvdrates  in  urine  were  frequently 
ade  and  are  still  occasionally  found  in  the  text-books  of  urine 
lalysis  and  physiological  chemistry.  Later,  doubt  was  thrown 
I  this  conclusion  and  the  presence  of  even  traces  of  sugar  in 
irmal  urine  was  disputed.     Seegeu'   made  many  experiments 

this  direction  and  came  to  the  conclusion  that  if  any  sugar  at 
1  is  present  it  cannot  be  in  amount  above  0.006  per  cent.  The 
me  result  essentially  was  reached  by  several  others,  but  in 
ost  cases  the  methods  of  examination  employed  were  open  to 
iticism  as  they  did  not  provide  for  the  actual  separation  and- 
.entification  of  a  sugar,  supposing  it  present. 

Meanwhile  E-  Fischer*  proposed  the  reaction  for  the  separa- 
on  of  sugars  by  the  phenylhydrazine  test^  and  von  Jaksch"  and 

^Zuchr.physiol.  Chem.,y,xii. 
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thers  applied  it  to  the  identification  of  sugar  in  urine.  Bau- 
lann'  showed  ttie  ready  production  of  benzoic  esters  of  dextrose 
nd  this  general  method  was  soon  applied  in  urine  examinatioi 
y  Wedenski,'  Roos,'  Sallcowski,*  and  others.  The  amount  o 
le  pentabenzoic  ester  found  in  this  way  was  quite  variable  but 
[ways  small.  In  Salkowski's  test  the  range  was  from  1.3: 
rams  to  3.36  grams  in  1000  cc.  of  unne  representing  the  wholt 
ay's  excretion.  In  Wedenski's  experiments  the  maximun 
mount  was  ten  times  the  minimum  found.  Later  Baisch  madi 
vo  important  contributions  on  the  subject  of  the  nature  an< 
mount  of  the  carbohydrates  in  the  urine"  and  places  the  conten 
[  these  bodies  somewhat  higher  than  Seegen,  hut  still  very  low 
[is  results  give  the  average  excretion  of  reducing  carbohydrate 
9  o.  too  gram  to  the  liter.  About  the  same  time  Allen  publishet 
n  interesting  paper  on  the  subject'  and  reached  nearly  th( 
ime  result. 

It  is  quite  evident  from  the  foregoing  that  while  the  existenct 
I  sugar  in  the  urine  may  be  looked  upon  as  settled,  the  amouni 
:  very  small  and  far  from-  accounting  for  the  total  reduction 
'his  has  been  reported  by  some  authors  as  corresponding  to  o.  n 
er  cent,  of  dextrose  while  others  place  it  as  high  as  0.4  pei 
int.,  in  the  mean. 

NATURE  OP  THE  REDUCING  BODIES. 

When  speaking  of  reduction  the  behavior  toward  some  metal- 
c  solution,  generally  toward  copper  oxide,  is  usually  in  mind. 
.mong  substances,  other  than  sugar,  which  occur  normally  in 
rine  the  most  important  from  the  standpoint  of  this  behavior 
re  doubtless  uric  acid  and  creatinin.  Glycuronic  acid  is  often 
:ferred  to  as  having  an  important  action  here,  but  the  amount 
rdinarily  present  is  too  small  to  be  practically  considered  in 
jmparison  with  the  others.  The  reducing  power  of  uric  acid 
as  been  long  known  and  under  certain  definite  conditions  an 
^nation  may  be  written  expressing  the  amount  of  oxygen 
t>sorbed  in  passing  into  several  related  bodies.     The  reducing 

1  Sir.  d.  chem,  Ges.,  ig,  iiii. 
tZtichr.pkyiiol.Clum..  ij,  nj, 

•  Ibid.,  13.  sij. 
'I  Ibid..  ti,  119. 

t  Itid..  il.  193  and  19,  339. 

•  Analyil.  19,  17a. 


REDUCING  POWER   OF  NORMAL  URINE.  311 

of  creatinio  is  fully  as  important  as  is  that  of  uric  acid, 
»ides  it  is  more  readily  follOTved  and  measured, 
[^curred  to  me,  therefore,  that  some  light  could  be  thrown 
question  of  what  part  a  sugar  plays  in  the  total  reduction 
ermining  as  accurately  as  possible  in  a  large  number  of 
1  urines  the  amount  of  uric  acid  and  creatinin  present,  and 
ating  then  the  reducing  power  of  these  from  their  relations 
oxidizing  solution  previously  determined.  The  difference 
in  the  total  reduction  and  that  due  to  these  bodies  would 
ly  measure  the  reducing  power  of  the  sugar  present,  pro- 
no  other  substance  has  been  overlooked  which  exhibits 
me  action.  The  possibility  of  the  existence  of  such  asub- 
or  substances  in  the  urine  must,  of  course,  be  conceded, 
ally  since  the  ratio  of  carbon  to  nitrogen  present,  as  found 
ect  analysis,  is  much  higher  than  that  calculated  from  the 
f  the  determinable  constituents  present.  The  new  sub- 
recently  separated  from  urine  and  called  oxyproteic  acid 
adzynski  and  Gottlieb'  is  supposed  by  Pregl'  to  account 
is  ratio,  and  to  be,  after  urea,  the  most  important  body 
urine.  The  analyses  made  by  Pregl  show  it  to  contain 
30  per  cent,  of  carbon  and  8  per  cent,  of  nitrogen,  and  to 
It  to  6  or  8  grams  daily.  He  states,  however,  that 
roduct,  as  separated  by  his  methods  of  precipitation  and 
lation,  is  quite  devoid  of  any  reducing  action  on  alkaline 
:  solutions.  Toepfer  has  also  recognized  this  peculiar  uri- 
icid'  but  claims  that  the  amount  found  by  Bondzynski  and 
eb  is  too  high,  because  the  barium  salt  separated  is  always 
e  from  presence  of  much  coprecipitated  matter.  It  is  cer- 
remarkable  that  an  acid  as  abundant  as  this  is  supposed 
should  have  so  long  escaped  detection,  and  this  fact  sug- 
:aution  in  generalizing  too  much  from  the  results  of  urine 
les,  however  carefully  they  may  be  made;  but  up  to  the 
it  time  no  substances  have  been  found  in  the  urine  in  suffi- 
{uantity  to-account  for  the  reducing  power  save  those  men- 
,  and  it  is  from  this,  as  a  working  basis,  that  the  following 
igation  was  undertaken, 
ile  many  substances  have  been  employed  as  reagents  in 

tlralilaa/Ur  Mtytiolatil.  11,  64S. 
•tralMall/tr  nyiisUstt.  II,  Bjo, 
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this  reduction  test  some  form  of  copper  solution  lias  usually  bee 
found  practically  the  mostuseful.  A  weak  solution  of  nlethylen 
blue  is  reduced  readily  by  sngar  and  creatinin  in  alkaline  solo 
tiou,  and  very  slowly  by  nric  acid,  but  as  the  reduced  product  i 
oxidized  with  extreme  readiness  in  contact  with  air,  with  retur 
of  the  blue  color,  the  reagent  is  not  suitable  for  quantitativ 
meastirements.  A  weak  solution  of  safranine  is  also  reduced  b 
sugar  iu  alkaline  medium  and  apparently  not  at  all  by  uric  acii 
or  creatinin,  but  the  amount  of  sugar  necessary  to  produce  a: 
appreciable  effect  is  greater  than  that  usually  found  in  norms 
urine,  so  that  this  reagent  is  not  practically  available.  Measure 
ment  of  reduction  by  aid  of  bismuth  or  mercury  salts  is  also  pes 
sible,  but,  as  is  well  known,  the  methods  are  lacking  in  delicaqi 

Among  the  various  copper  solutions  used  in  sugar  analysi 
there  are  several  which  may  be  employed  with  very  weak  soh 
tions  corresponding  to  normal  urine.  The  best  of  these  appeal 
to  be  some  form  of  the  ammonia-copper  solution  recommende 
by  Dr.  Pavy.  This  was  first  made  by  diluting  120  cc.  of  Feb 
ling's  solution  with  300  cc.  of  strong  ammonia  and  water  enoug 
to  make  i  liter.  Pavy  assumed  that  each  cubic  centimeter  c 
this  solution  oxidizes  0.5  mg.  of  dextrose,  and  has,  therefore,  ont 
tenth  the  strength  of  the  ordinary  Fehling  solution,  which  1 
approximately  true.  Several  modifications  of  the  solution  haV 
been  proposed  with  variations  in  the  amounts  of  copper  sulphate 
ammonia,  and  fixed  alkali.  Finally,  the  Loewe  solution  contain 
>t>ir  glycerol  has  been  made  the  basis  of  the  dilution,  instead  c 
the  Fehling  solution  containing  a  tartrate  ;  the  Purdy  solutio 
is  made  in  this  way. 

As  the  oxidizing  power  of  the  solution  changes  with  thes 
variations,  it  is  important  to  recognize  the  extent  of  this  altera 
tion  and  allow  for  it  if  necessary.  The  composition  of  several  c 
the  best  known  of  the  modifications  is  here  given,  the  origins 
Pavy  solution  being  added  for  comparison.  The  volume  is  om 
liter  in  each  case. 

Copper  Sodium  Rochelle  Glyc-  Ammonia, 

salphate.         hydroxide.  salt.       erol.       0.90. 

Grams.  Grams.  Giama.       cc.         cc, 

Pavy 4.158  (7-»o)  'O-T^         ■-         37° 

Hehner 4.503  15.6— 19.5  21,49  370 

'■'■'y 4.75.     'SSiT      ■■■■     38    350 

Peska  6.927  10.00  34.50        ■■        135 
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riatioos  in  the  oxidizing  power  of  each  solution  follow 
J  from  alterations  in  the  amount  of  fixed  alkali  or  ammonia 
and  this  is  shown  in  some  tests  to  be  now  given.  I  made 
ons  as  follows : 


Copper  sulphate,  cryst 5  grams. 

Caustic  soda  (100  per  cent.) iS     " 

Glycerol 35    cc. 

Water,  to  make 350     " 


Ammonia  water 0.90  sp.  gr. 

ise  solutions  were  mixed  in  the   proportions  given  below 
sed  in  the  titration  of  a  o.  3  percent,  dextrose  solution  in 
lual  manner.     The  results  are  shown  in  the  following  table: 
Tahi^  I. — Reduction  with  Ammonia  Variable. 

Sugrar  ISg.  of  Hola.  oF 

1.  of        Vol.  of        Vol.  of  solutloD       CuSOt.gHiO  CnO  to 

I.  A.         Sol.  B.         water.  required.  to  1  mg;  i  mol. 

^.  ec.  cc.  cc.  ofC4H„Oi.         CsH„0*. 

15  75  00  38.5  8.772  6,31 

J5  60  IS  ag-S  8.474  6-" 

25  SO  3S         .      30.3  8.351  5.95 

»5  4°  35  30-8  8.117  5.85 

>5  30  45  31-4  7.96a  S.74 

e  oxidizing  power  varies  greatly  with  the  amount  of  ammo- 
resent  and  is  decreased  with  increase  in  the  latter.  The 
le  amounts  to  about   10  per  cent,  of  the  whole  in  the  limits 

e  effect  of  adding  an  excess  of  sodium  or  potassium  hydrox- 
even  more  marked  as  was  found  by  experiments  given 
'.     The  following  solutions  were  made  : 

C. 

Copper  sulphate,  cryst 5  grams. 

Glycerol 35     cc. 

Water,  to  make 250      " 

D. 
Strong  ammonia  water 0.90  sp.  gr. 


n  hydroxide,  100  per  cent 50  grams, 

.  to  make ajo    cc. 


These  solutions  were  mixed  in  different  proportions  and  we 
ised  to  test  a  dextrose  solution  of  about  0.3  per  cent,  strengtl 
['he  results  obtained  were  as  follows  : 

Table  II.— Reduction  with  Fixed  Aleau  Variable. 


Vol.  of 

Sol.  C. 

Vol.  of 

Sol.  D. 

Vol- of 

Sol.  E. 

cc. 

Vol.  of 
water 

NaOH  in      Sugar 
gmmsptT  solution 
liter.       required. 
Grams.           cc. 

MolB.  of 
CoOto 
imol. 

CtHuOfc 

as 

3S 

as 

15 

50              34.8 

5-18 

as 

3S 

ao 

30 

40              33-3 

5-41 

as  35  a-5  37-5  5  aS.o  6.44 

We  have  here  an  extreme  variation  of  about  25  per  cent, 
he  oxidizing  value  of  the  copper  solution.  As  the  fixed  aiki 
tself  possesses  marked  oxidizing  power,  as  shown,  in  fact, 
lur  ordinary  Moore's  test  for  sugar  in  urine,  the  increase 
ilkali  must  add  to  the  oxidizing  power  of  the  finished  solutio' 
lehner  has  shown  that  the  solution  can  be  made  and  will  on 
lize  perfectly  without  the  addition  of  any  fixed  alkali,  but  tl 
Lction  is  then  very  slow  and  the  oxidation  ratio  still  lower.' 

These  experiments  indicate  that  to  secure  anything  like  uc 
ormity  in  the  results  obtained  by  the  Pavy  solution  or  its  mod 
tcations,  care  must  be  taken  to  employ  definite  and  constai 
imounts  of  fixed  alkali  and  ammonia.  The  statement  of  All( 
"Chemistry  of  Urine,"  p.  67,  1895)  that  considerable  variatic 
n  the  amount  of  caustic  alkali  and  ammonia  may  be  made  in  tl 
'avy  solution  without  altering  appreciably  its  oxidizing  valu< 
toes  not  appear  to  be  correct.  Of  the  two  cheap  fixed  alka 
lydroxides,  caustic  soda  is  preferable  to  caustic  potash  and 
Duch  more  commonly  used. 

Variations  in  the  amount  of  glycerol  or  tartrate  are  of  le; 
mportance,  but  still  have  an  appreciable  influence,  as  I  bav 
ound  in  several  trials.  As  the  great  excess  of  ammonia  presei 
s  sufficient  to  hold  the  copper  hydroxide  in  solution,  it  is  nt 
lecessary  to  use  a  large  amount  of  either. 

In  the  Pavy  and  Purdy  liquids  the  oxidizing  power  is  appai 
ntly  assumed  to  be  independent  of  the  strength  of  the  sugar  soli 
ion  added.     Pavy  and  Purdy  assume  the  factor  8.316  grams  c 
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30,.5H,0  to  r  gram  of  C,H„0,.  But  Peska  has  shown  that 
factor  varies  over  2  per  cent,  with  solutions  ranging  from  o.  i 

per  cent,  in  strength." 
,s  in  practical  work  it  is  desirable  to  employ  a  solution,  i  cc. 
rhtch  oxidizes  some  simple  unit  amount  of  sugar.  I  have  used 

in  the  work  below  with  a  value  of  i  cc.  for  each  milligram 
ugar  oxidized  in  0,2  per  cent,  solutions.  It  is  made  with 
following  amounts  per  liter : 

Copper  sulphate,  cryst    8. 166  grams. 

Sodium  hjdroxide  (100  percent.) 15.000     " 

Glycerol  15.000    cc. 

Ammonia  water  (sp.  gr.  0.9} 350.000      " 

Water,  to  make 1,000.000     " 

'he  value  ol  this  solution  in  copper  oxide,  CuO,  is  2.6042 
ms  per  liter,  and  1  molecule  of  sugar  =  5.88  molecules  of 
),  as  it  is  employed. 

tf  the  solution,  I  use  50  cc,  and  dilute  with  water  to  100  cc. 
prevent  too  rapid  an  escape  of  ammonia  and  avoid  reoxida- 
i  to  some  extent,  I  add  to  the  mixture,  while  warming, 
ugh  pure  white  solid  parafBn  to  make  a  layer  of  3  or  4  mm. 
thickness  when   melted.     The  burette  tip   for  discharging 

sugar  solution  or  urine  is  made  long  enough  to  pass  down 

neck  of  the  flask  and  below  this  paraffin.  By  boiling  gently 
[  adding  the  weak  saccharine  liquid  slowly,  very  close  and 
stant  results  may  be  obtained.     At  the  end  of  the  titration 

paraffin  is  solidified  by  inclining  the  flask  and  immersing  it 
cold  water,  or  by  flowing  cold  water  over  it.  The  reduced 
lid  is  then  poured  out  and  the  cake  of  paraffin  is  thoroughly 
ihed  for  the  next  test.  A  flask  so  prepared  may  be  used  for 
undred  titrations.     The  solid  paraffin  is  much  preferable  to 

oil  recommended  by  Allen  and  Peska.  To  prevent  bumping 
1  facilitate  easy  and  uniform  boiling,  I  add  a  few  very  small 
;ments  of  pumice-stone. 

^  solution  made  as  above  is  not  too  strong  in  copper  for  accu- 
e  work,  but  the  volume  of  ammonia  necessary  to  hold  a  much 
;er  amount  of  the  reduced  oxide  in  solution  would  render  the 
cess  very  inconvenient.  The  sugar  employed  in  fixing  the 
ne  of  the  above  standard  solutions  was  a  very  fine  sample  of 

1  Zlsctr.  AM/,  aim.,  js,  94. 
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-e  crystal  dextrose  made  for  me  by  Dr.  Gudemann,  of  the  Chi- 
;o  Sugar  Refining  Co.  It  was  further  purified  by  crystallizing 
n  hot  alcohol.  After  careful  drying  at  80°  C,  it  was  exam- 
d  by  a  very  accurate  polarimeter  and  found  to  have  a  degree 
purity  not  less  than  99.9  per  cent. 

^n  ammoniacal  solution  made  in  this  way  and  used  with  the 
er  of  paraffin  is  preferable  to  the  usual  Pehling  liquid  in  the 
ation  of  weak  dextrose  solutions.  It  cannot  be  conveniently 
d  for  strong  solutions,  however,  because  of  the  large  volume 
standard  required  to  oxidize  a  small  volume  of  the  saccharine 
lid. 

The  behavior  of  this  solution  with  the  weak  sugar  solutions 
ng  established,  it  remains  to  show  how  it  acts  with  creatinin 
1  uric  acid. 

CREATININ  AND    COPPER  SOLUTIONS. 

The  importance  of  creatinin  as  a  reducing  body  is  commonly 
^looked  although  referred  to  in  Neubauer  and  Vogel's 
Irine  Analysis,"  and  in  other  large  works.  This  is  partly 
!  to  the  fact  that  the  amount  present  is  generally  underesti- 


iven  in  several  of  our  best 
The  reducing  effect  of 
ions  has  been   observed  by 


ted,  as  shown  by  the  figun 
3wn  handbooks  of  urine  analysi 
atinin  on  alkaline  copper  soluti 
>rm  Miitler,'  Johnson,'  and  others.     Miiller  places  the  redi 
g  power  low,  i  molecule  of  creatinin  to  not  over  0.75  molecule 
;opper  oxide. 

ohnson  states  that  4  molecules  of  ordinary  creatinin  have  the 
ae  reducing  action  on  copper  salts  as  2  molecules  of  grape- 
jar,  and  that  this  reduction  plus  that  due  to  the  uric  acid  will 
ount  for  the  whole  of  the  reducing  action  found  in  normal 
ne.  The  presence  of  sugar  is  disputed.  The  results  of  Miil- 
and  Johnson,  are  widely  divergent,  which  is  doubtless  due 
essential  differences  in  the  methods  of  observation.  The 
ucing  power  of  creatinin  is  shown  only  after  long  warming 
the  ordinary  Fehling  titration,  and  at  the  outset  the  cuprous 
;de  formed  is  held  in  solution,  which  is  a  disturbing  element 
making  the  test.     But  with  the  weak  ammoniacal  solution 
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for  the  sugar  the  behavior  is  quite  different.  The  redac- 
appears  to  proceed  as  regularly  and  normally  as  with  sugar 
I  have  made  a  number  of  tests  with  solutions  of  different 
igths,  but  all  weak,  and  find  that  about  92  mg.  of  creatinin 
equired  for  50  cc.  of  the  standard  copper  solution  contain- 
t.604  grams  of  CuO  to  the  liter.  This  corresponds  almost 
tly  to  the  proportion,  r  molecule  C.HiN.O ;  2  molecules 
,  which  is  about  one-third  the  reducing  power  of  dextrose 
:r  the  same  conditions.  The  result  is  much  larger  than  that 
'orm  Miiller,  but  lower  than  the  figures  given  by  Johnson, 
actual  reducing  values  are  given  in  the  table  below.  The 
iinin  used  was  prepared  in  the  laboratory  and  was  practically 


Tabi, 

III 

— Rkducinc  Power  of 

Crbatinin 

atiniti 

Copper  solu- 
tioD  taken 
and  diluted 

CuO 

Kg. 

Creatinin 
solution 

UBed. 

Creatinin 
to.^.n^, 

Mg, 

Mols.  CuO 
to  I  mol. 
CH,N,0- 

SO 

»S 

65.' 

93-5 

93-5 

'■998 

5f 

35 

651 

94.0 

94-0 

1.967 

130 

50 

130.1 

76.0 

91.1 

a.026 

lao 

50 

130.1 

77.0 

92.4 

MCBD 

T^ 

be  oxidation  of  creatinin  by  alkaline  copper  solutions  is 
illy  explained  on  the  assumption  that  oxalic  acid  and  methyl 
lidin  are  formed,  the  creatinin  being  first  converted  into 
tin  by  the  alkaline  solution, 
=C=NH,.NCH,.CH,CO,H  +  O,  = 

C,H,0,  +  HN=C=NH,.NHCH,. 
I  the  above  experiments,  however,  the  amount  of  oxygen 
irbed  corresponds  with  only  half  that  necessary  for  this  equa- 
,  and  under  the  condition  none  can  come  from  the  air.  The 
tion  must  therefore  take  place  in  a  different  manner,  which 
:ar3  all  the  more  probable  in  view  of  recent  work  by  E.  Wor- 
'  and  Toppelius  and  Pommerehne,'  who  found  that  the  reduc- 

is  variable  with  time  of  boiling  with  strong  Fehling  solution. 
h  weak  solutions  the  reduction  is  slow,  but  on  boiling  5  cc. 

weak  creatinin  solution  an  hour  with  60  cc.  of  strong  Feh- 
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ling  solution  a  much  greater  effect  is  observed.  Under  sudi 
couditions  i  molecule  of  creatiDin  appears  to  reduce  over  4  mole- 
cules of  CuO.  It  is  quite  possible  that  the  oxidation  of  creatinin 
is  preceded  iu  weak  solution  by  hydrolysis  with  formation  ol 
ammonia  and  methyl  hydantoin  and  that  this  body  is  afterwards 
oxidized  in  several  stages.  The  reduction  of  4  molecules  ol 
CuO  would  correspond  to  the  oxidation  of  the  acetic  acid  group 
in  creatin  to  oxalic  acid,  as  required  by  the  equation  written 
above,  but  in  the  ordinary  application  of  the  copper  tests  in 
urine  analysis  no  such  degree  of  oxidation  is  likely. 

DRIC  ACID  AND  COPPER  SOLTJTIONS. 

The  behavior  of  uric  acid  with  alkaline  copper  solutions  has 
been  described  by  several  chemists  and  notably  by  Riegler'  whc 
studied  the  reaction  with  Fehling  solution.  He  found ,  as  a  mean 
result  ofa  numberof  experiments, that  i  gram  of  uric  acid  yields 
cuprous  oxide  corresponding  to  0.800  gram  of  copper.  On  the 
assumption  that  i  molecule  of  uric  acid  reduces  2  molecules  oi 
copper  oxide  the  reduced  copper  obtained  should  amount  to 
0-7556  gram  ;  the  reduction  therefore  goes  a  little  further  than 
this  theoretical  relation. 

The  reducing  action  seems  to  be  much  more  readily  followed 
in  the  ammoniacal  solution,  however,  and  several  tests  were 
made  to  establish  the  relation  under  suoh  conditions.  The  fol- 
lowing are  the  details  in  tabular  form  : 

Table  IV. — Erducing  Power  of  tJRic  Acid. 


Uric  acid 

Dric  acid  to 

Mols.  CnO 

sola  ti  on  nsed. 

130.2  mgCaO. 

imol 

Mg, 

CsH^N^O, 

36 

94.a 

a.9J 

58 

9J.8 

1.96 

765 

91.8 

a.99 

120  65,1  37.8  908  3-03 

Mean,  3.98 
The  mean  result  of  i  molecule  of  uric  acid  to  2.98  molecules 
of  copper  oxide  is  essentially  in  the  relation  of  i :  3,  or  i  mole- 
cule of  the  acid  to  1.5  atoms  of  oxygen  absorbed.  This  is  a 
larger  amount  of  oxygen  than  corresponds  to  the  reactions 
usually  given  for  the  oxidation  of  uric  acid  which  is  generally 

1  Ztici:  anal.  Chrm..  jj,  ji. 
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aresented  as  taking  place  primarily  in  one  of  two  directions, 
tding  either  to  allantoin  or  to  alloxan  and  urea.  These  reac- 
ts require  each  one  atom  of  oxygen  as  follows  : 

C^H.N.O,  +  O  +  H,0  =  CO,  +  C.H.N.O. 

C.H.N.O.  +  O  +  H.O  =  C,H.N,0,  +  CON.H.. 

Secondary  reactions,  however,  doubtless  take  place  resulting 

the  further  oxidation  of  one  or  the  other  of  these  products  and 
ing  more  oxygen.  Thus,  from  alloxan  parabanic  acid  and 
lier  substances  may  be  derived,  and  possibly  are  derived  in 
e  oxidation  in  question.  A  reaction  leading  to  parabanic  acid 
im  the  partial  oxidation  of  the  alloxan  in  the  above  case  may 

represented  in  this  way  : 
:,H.N.O,  +  30+2H,0=: 

aCON,H,  +  C.H.N.O.  +  C.H.N.O.  +  CO,. 
Whether  this  reaction  represents  the  course  of  the  oxidation 

not  it  remains  true  that  the  uric  acid  takes  up  more  oxygen 
an  is  required  by  the  simpler  reactions  given  above.  This  is 
le  also  of  a  reaction  in  sulphuric  acid  solution  referred  to  below. 
Having  described  the  three  important  substances  in  unne 
lich  exert  a  reducing  action  on  the  ammoniacal  copper  solu- 
m,  it  remains  to  explain  how  the  last  two  mentioned,  along 
th  urea  and  ammonia,  the  other  important  products  of  nitrog- 
ens excretion,  were  practically  determined  in  the  investiga- 
m  in  hand.  The  amounts  of  these  last  substances  are  of  inter- 
t  in  connection  with  the  actual  reducing  compounds. 

DETERMINATION  OF  CRHATININ. 

This  body  is  most  accurately  obtained  by  precipitation  from 
e  prepared  urine  in  the  form  of  zinc  chloride  double  salt.  This 
the  method  of  Neubauer  modified  by  Salkowski,  but  it  is 
sirable  to  use  as  large  a  volume  of  urine  as  possible.  In  the 
ork  below  I  used,  when  available,  4S0  cc.  which  was  treated 
ith  barium  hydroxide  to  faint  alkaline  reaction  and  precipitated 
ith  barium  nitrate  in  the  cold.  In  a  few  cases  milk  of  lime  and 
ilcium  chloride  were  used  in  this  preliminary  treatment.  The 
)lume  was  then  made  up  to  600  cc,  filtered  after  half  an  hour, 
3d  of  the  filtrate  500  cc. ,  representing  400  cc,  of  the  original 
rine,  was  taken  for  the  further  work.     Care  was  observed  to 
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secure  and  maintain  a  nearly  neutral  reaction  in  this  liquid  so  as 
to  avoid,  in  the  following  evaporation,  the  conversion  of  creat- 
inin  into  creatin.  The  final  precipitate  of  the  zinc  chloride  salt 
was  collected  on  a  Gooch  crucible,  dried  at  loo'',  and  weighed. 
From  this  weight  that  of  the  pure  creatinin  was  calculated  and 
this  is  given  in  the  table  below. 

DETERMINATION  OF  URIC  ACID. 

Of  all  the  methods  now  available,  the  Fokker-Hopkins  process 
seems  to  give  the  most  regular  and  trustworthy  results.     loocc. 
of  urine  are  precipitated  with  about  30  grams  of  pure  ammonium 
chloride,  or  enough  to  produce  a  saturated  solution.     The  beaker 
containing  the  precipitate  is  allowed  to  stand  in  a  cool  place  over 
night.     Then  the  precipitate  is  collected  on  a  filter  and  washed 
thoroughly  with  a  saturated  solution  of  ammonium  sulphate  to 
remove  all  chlorine.     The  filter  is  perforated  and  by  aid  of  a  jet 
of  hot  water  the  precipitate  is  washed  into  a  fiask.     About  100 
cc.  of  the  water  should  be  used.     To  this  turbid  liquid  20  cc.  of 
pure  strong  sulphuric  acid  is  added,  and  then,  without  delay, 
twentieth-normal  permanganate  solution  from  a  burette  until  a 
faint  pink  tinge  is  secured  which  is  permanent  several  seconds. 
For  this  stage  of  the  reaction  Hopkins  gives  i  cc.  of  the  twenti- 
eth-normal permanganate  as  corresponding  to  3.75  mg.  of  uric 
acid.     By  waiting  and  adding  more  permanganate  from  time  to 
time,  as  the  color  fades,  a  considerably  larger  volume  may  be 
used,  for  which  no  factor  has  been  worked  out.     For  the  direct 
oxidation,  using   i  atom  of  oxygen  to  i  molecule  of  uric  acid, 
each  cubic  centimeter  of  the  twentieth-normal  permanganate 
solution  should  correspond  to  4.2  mg.  of  the  acid  instead  of  3.75 
mg.  The  results  obtained  by  taking  a  later  reading  correspond 
more  nearly  to  an  oxidation  with  1.5  atoms  of  oxygen  to  each 
molecule  of  acid,  but  they  are  not  definite  enough  for  calculation. 
The  Hopkins  factor  has  therefore  been  used,  and,  it  is  believed, 
with  a  considerable  degree  of  accuracy,  since  numerous  blank 
experiments  were  carried  out  with  pure  uric  acid  to  fix  the  point 
for  observation  of  the  end  color. 

DETERMINATION  OF  UREA. 

This  has  been  carried  out  by  the  two  common  methods,  the 
Liebig  process  by  titration  with  mercuric  nitrate,  giving  properly 
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augh  measure  of  the  total  nitrogen  rather  than  the  urea  itself, 
I  by  the  Knop-Hiifner  hypobromite  or  hypochlorite  process, 
e  results  of  the  first  method  are  always  too  high  if  calculated 
urea,  while  those  of  the  latter  are  too  low.  As  the  last  process 
J  carried  out  it  was  assumed  that  95  per  cent,  of  the  urea 
sent  was  decomposed  normally  according  to  the  equation 
CON,H.  +  30  =  CO,  +  N,  +  2H,0, 

calculations  being  made  accordingly  from  the  experimental 
ults.     The  observations  were  made  in  a  Lunge  nitrometer, 

gas  volumes  obtained  being  always  reduced  to  standard  con- 
ions.  Even  with  the  various  corrections  the  results  were  con- 
erably  lower  than  those  by  the  Liebig  process  because  of  the 
erent  jiositive  errors  in  the  latter.  Something  will  be  said 
>ut  this  below  when  the  experimental  results  are  discussed. 

DBTBRHINATIOH  OF  AUMONtA. 
M  all  the  processes  recommended  for  the  determination  of  the 
all  amounts  of  ammonia  found  in  urine  the  most  reliable  is 
:  old  Schloesing  method  of  liberation  by  milk  of  lime  and 
sorption  by  standard  acid,  under  a  bell-jar.  The  urine,  about 
cc. ,  is  measured  into  a  glass  crystallizing  dish  and  mixed  with 

excess  of  milk  of  lime.  Over  this  dish  a  glass  evaporating 
h  containing  a  small  known  volume  of  standard  sulphuric  acid 
supported  on  a  triangle.  The  whole  is  covered  without  delay 
:hacleanglassbell-jar,  resting  on  a  glass  plate  and  is  allowed  to 
nd  three  days  for  the  liberation  of  the  ammonia,  and  its  absorp- 
a  by  the  titrated  acid.  At  the  end  of  the  time  the  bell-jar  is 
sed  out  with  a  little  water  which  is  added  then  to  the  dish 
:h  the  standard  acid.  This  is  finally  titrated  and  the  loss  in 
dity  measures  the  ammonia  absorbed;  while  the  process  is 
ry  slow  little  or  no  risk  is  incurred  of  decomposing  urea  or 
ler  substance  containing  nitrogen  and  thus  liberating  an  excess 
ammonia.     It  is,  of  coarse,  necessary  to  operate  on  fresh  urine, 

the  object  is  to  measure  that  normally  present,  and  not  that 
lich  may  be  made  by  the  alkaline  fermentation  of  urea.  The 
iults  are  always  a  little  low,  because  a  small  portion  of  the 
imonia  escapes  either  liberation  or  absorption.  To  determine 
:  probable  error  here  a  number  of  experiments  were  made  with 
:ak  ammonium  chloride  solutions,  corresponding  in  ammoniacal 
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Strength  to  normal  urine.  These  experiments  gave  very  concor- 
dant results  from  which  it  appeared  that  after  three  days'  time, 
at  the  temperature  of  the  tests,  90  per  cent,  of  the  ammonia  pres- 
ent was  liberated  and  absorbed  by  the  acid.  In  all  the  exper- 
iments below  the  results  obtained  were  corrected  by  the  aid  of 
this  factor. 

Table  V,  following,  gives  the  result  of  examinations  of  a  num- 
ber of  normal  urines,  embracing  determinations  of  the  above- 
described  constituents.  These  urines  were  collected  so  as  to 
secure  the  whole  day's  excretion  and  were  kept  cold  until  the 
full  twenty-four  hour  sample  was  obtained.  The  analysis  was 
then  begun  immediately,  and  finished  as  speedily  as  possible. 
Fifty  cc.  of  the  standard  copper  solution  were  always  emploj^ed  in 
the  reduction  test,  and  the  following  table  gives  the  volume  of 
urine  required  to  reduce  this  under  the  conditions  described 
above.  The  reaction  of  the  mixed  day's  urine  was  always  acid 
and  all  samples,  except  No.  7,  were  of  the  usual  normal  yellow 
color.  This  sample  was  dark,  probably  because  of  its  concen- 
trated condition.  It  will  be  noted  that  the  average  total  volume 
is  smaller  than  is  usually  assumed  as  the  mean  daily  excretion. 

Tablb  v.— Results  of  Urine  Analyses. 
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cc-  Mg.  Mgr-  Mg.       Grams.    Grams 

1  1230    1.031    21.0    645.0    840.0    1930    30.50 

2  1450    1.035    21.2    522.0    743.0    1876    25.60 

3  845    1.027    23.6    654.8    832.5    12(68    38.80 

4  1920    1.019    22.5    427.0    646.0    851    25.75 

5  1950    1.023    20.2    465.0    678.0    1681    24.74    23.72 

6  1200    1.025    20.5    593.1    619.0    1 195    29.69    27.66 

7  765    1.024    i8-9    526.6    637.5    961    31.10    27.46 

8  1775    1.020    58.0    227.7     653    12.90    

9  1020    1.030    14.9    858.8    971.2    1750    39.18    37.27 

10  1280    1. 018    27.3    408.0    423.7    1016    17.57    14.83 

11  1090    1.024    23.3    631.0    510.0    1374    25.04    24.54 

12  1 190    1.025    25.6    431 '7    61 1. o    1381    32.72    29.72 

13  915    1.025    21. 1    711.7    630.0    1604    28.17    25.56 
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22.47 

s,  1167        1.015         330      603.0'         658.7       1391'      37.68'        14.37 

le  analytical  results  as  obtained  are  given  in  Table.  V. 
e,  as  might  be  expected,  are  quite  variable,  and  at  first 
X  do  not  reveal  any  relationship  that  appears  characteristic, 
better  comparison  I  have  stated  the  amounts  of  urea,  uric 

ammonia,  andcreatinin  found  in  grams  or  milligrams  per 

cc.  rather  than  for  the  excretion  of  twenty-four  hours.  In 
e  VI ,  I  have  calculated  the  total  reducing  power  in  terms  of 

for  1000  cc.  of  each  urine,  and  have  then  done  the  same  for 
uric  acid  and  creatinin,  basing  the  calculation  on  the 
nption  that  under  the  conditions  of  the  experiments  each 
cule  of  uric  acid  reduces  3  molecules  ol  copper  oxide  and 

molecule  of  creatinin  reduces  2  molecules  of  the  oxide, 
sum  of  these  two  reductions  is  given  in  a  separate  column, 
finally  the  ratio  pf  this  to  the  total  reduction  is  given  in  the 
column. 
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Table  VI.- 

—Relation  of  Reducing  Powers. 
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0.602 

3 
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4 

5-787 
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2.IIO 

0.365 

5 

6.446 
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2.368 

3.332 
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6 

6.351 

0.880 

1.684 

2.564 

0.404 

7 
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1.354 
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9 

8.738 
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3.751 
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lO 

4.769 

0.602 

1.432 

2.034 

0.427 

II 

5.588 

0.725 

1.936 

2.661 
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12 

5.'586 

0.869 

1.946 

2.815 

0.554 

13 

6.171 

0.896 

2.260 

3.156 

0.5  II 
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15 

6.141 
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1.066 
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3.457 
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17 

7.291 

0.986 

2.369 

3.355 

0.460 

i8 

5.494 

0.826 

1.746 

2.572 

0.468 

19 

7.192 

0.825 

2.674 

3.499 

0,487 

20 

7.614 

I.417 

1.997 

3.414 

0.448 

21 

7.483 

0.890 

3.133 

4.023 

0.538 

22 

5.564 

0.741 

1.37s 

2. 116 

0.380 

23 

4.650 

0.592 

1.305 

1.897 

0.408 

24 

6.290 
6.204 

0.997 
0.935* 

2.081 

3.078 
2.896 

0.489 

Means, 

I.961' 

0.466 

From  the  mean  values  given  at  the  foot  of  the  last  table 
several  interesting  relations  may  be  established.  As  in  the 
ammoniacal  solution  i  molecule  of  dextrose  reduces  5.88  mole- 
cules of  copper  oxide,  the  above  average  reduction  corresponds 
to  2.836  grams  of  sugar  per  liter,  or  about  0.28  per  cent.  The 
uric  acid  amounts  to  0.658  gram  per  liter,  or  0.065  per  cent. 
The  creatinin  is  equivalent  to  1.392  grams  per  liter  or  0.136  per 
cent.  The  data  of  the  last  column  show  that  a  large  portion  of 
the  total  reduction  is  due  to  the  action  of  these  latter  products. 

I  No.  8  not  in  averages. 


REDUCING   POWER   OF   NORMAL  URINE.  325 

,  in  ibe  mean,  amounts  to  46.6  per  cent.,  which  calculated 
igar  is  equivalent  to  1.322  grams  per  liter,  leaving  1.514 
s  as  the  amount  of  sugar  possibly  present.  This,  however, 
sents  a  maximum  value,  as  there  are  unquestionably  traces 
ler  bodies  present  which,  like  the  uric  acid  and  creatinin, 

a  reducing  action.     If  the  effect  of  these  could  be  estimated 

likely  that  the  reducing  power,  in  the  mean,  would  be 
I  to  be  pretty  evenly  distributed  between  the  saccharine  and 
saccharine  products. 

is  not  possible  to  draw  any  very  exact  general  conclusions 
the  figures  of  the  above  table  connecting  the  numerical 
9  with  the  character  of  the  food  of  the  individual  or  with 
ither  factor.     Most  of  the  urines  were  obtained  from  young 

students  or  teachers,  and  all  pretty  well  nourished.  It 
be  noticed,  however,  that  the  urines  showing  the  highest 
;tion  ratio  for  uric  acid,  and  creatinin,  as  compared  with  the 
reduction,  were  from  men  with  the  strongest  physique  with 
t  containing  much  meat.  On  the  other  hand  the  lowest 
tcid,  and  creatinin  reductions  correspond  to  cases  of  slighter 
que  and  lower  nutrition.  Urines  Nos.  i  and  2  were  from 
n  consuming  a  diet  largely  of  meat.     No.  15  was  from  the 

individual  some  weeks  later  after  a  change  of  diet  to  bread 
■egetables  largely.  But  from  most  of  the  urines  no  character- 
relation  is  apparent;  another  series  of  investigations  is  in 
ress  in  which  the  question  of  food  in  relation  to  the  redu- 
power  is  being  more  closely  determined. 

RATIO  OF  UREA  TO  URIC  ACID. 

lis  ratio  is  more  important  aud  more  characteristic  than  is 
tbsolute  amount  of  the  acid.  In  the  older  works  on  urine 
'sis  or  physiological  chemistry  it  was  always  stated  too  high, 
usually  as  50  :  I  or  60 :  I .  This  is  due  to  the  fact  that  the 
mt  of  uric  acid  was  generally  underestimated,  while  that  of 
was  naturally  overestimated  if  found  by  the  Liebig  process, 
lot  corrected. 

making  an  examination  of  a  fraction  of  the  day's  excretion, 
ad  of  on  the  mixed  twenty-four  hour  sample,  a  false  rations 
usually  found  because  the  urea  and  uric  acid  are  not  elim* 
id  at  a  constant  rate  following  ingestion  of  food.     The  ratio 
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from  the  above  table  is  36.9 :  i  if  we  consider  the  urea  as 
measured  by  the  Knop-Hiifner  process  and  42 :  i  if  we  take 
the  uncorrected  values  for  urea  as  found  by  the  Liebig  pro- 
cess. The  results  here  are  in  the  mean  about  10  per  cent,  high 
as  may  be  shown  when  we  take  into  consideration  the  effect  of 
the  other  nitrogenous  bodies,  especially  the  ammonia,  uric  acid, 
and  creatinin,  on  the  mercuric  nitrate  solution.  With  such  a 
correction  subtracted  the  amount  of  urea  approaches  closely  that 
found  by  the  gas  volume  method  and  the  ratio  becomes  again 
about  37:1;  this  result  is  in  accord  with  the  average  normal  ratio 
as  found  in  experiments  on  the  excretion  of  the  twenty- four  hours 
as  made  by  Hopkins  and  others.  See  an  interesting  paper  by 
Hopkins  and  Pope*  in  which  variations  in  the  excretion  of  urea 
and  uric  acid  in  relation  to  kind  of  food  and  time  of  meals  is  dis. 
cussed. 

THE  AMOUNT  OF  AMMONIA. 

The  ammonia  in  1000  cc.  of  urine,  as  shown  by  the  above 
figures,  is,  in  the  mean,  602  mg.,  but  the  individual  varia- 
tions are  between  228  and  looi  mg.  These  correspond  roughly 
to  the  variations  in  the  other  nitrogen  bodies.  The  average 
daily  excretion  is  seen  to  be  703  mg.  The  daily  extremes  are 
364  and  908  mg.  The  average  correction  to  be  applied  to  the 
Liebig  urea  titration  on  account  of  the  ammonia  present  is  about 
1.2  cc.  of  the  usual  standard  mercuric  nitrate  solution.  This  re- 
sult was  found  in  experiments  carried  out  on  the  titration  of  urea 
solutions  containing  small  amounts  of  added  ammonia,  and  is 
somewhat  lower  than  the  factor  given  by  Feder.*  Experiments 
are  now  in  progress  to  determine  more  definitely  the  behavior  of 
uric  acid  and  creatinin  in  this  titration,  the  statement  in  Neu- 
bauer  and  Vogel's  Harnanalyse*  requiring,  apparently,  a  slight 
correction. 

THE  DAILY  AVERAGES. 

The  numbers  above  given  are  expressed,  for  convenience  in 
comparison,  in  grams  or  milligrams  per  liter.  The  values  for 
the  daily  excretion  are  often  interesting  and  these  will  now  be 
given  as  calculated  from  the  volumes  collected  in  the  twenty- 

"^  Journal  of  Physiology,  83,  271. 

s  Neubauer  and  Vogel's  Harnanalyse,  9th  German  edition,  p.  519. 

«  Loc.  cit. 
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nr  hours  as  shown  by  the  figures  of  the  second  column  in 
ible  V. 

Table  VII.— Mkan  Results  for  Daily  Excrbron. 

Volume  excreted 1167.00  cc. 

Totkl  red nctiou,  equivalent  to 3.31    grams  C«H,,0|. 

Uric  acid  and  creatinin  reduction  equiva- 
lent to 1,54        "  " 

Remaining  reduction  equivalent  to 1.77        "  " 

Amount  of  ammonia 0.703  gram. 

Amount  of  urea  (mean  of  gas  method  and 

Liebig,  corr.) 39.73    grams. 

Amonnt  of  creatiniu t.634      " 

Amount  of  nric  acid t>-799  gram. 

The  urines  examined  in  the  above  experiments  were  all  nor- 
il  and  represent  the  excretion  from  average  meat  and  vegeta- 
±  diet.  In  a  following  paper  I  will  give  results  obtained  from 
ines  of  consistent  vegetarians,  noting  the  same  relations. 
3st  of  the  experimental  work  detailed  above  was  done  by  Mr. 
anh  Wright,  assistant  in  the  laboratory  of  physiological  chem- 
ry,  and  Mr.  Charles  Ericson,  to  whom  my  thanks  are  due. 


Chicaoo.  April  14. 190a. 


M  EXAMINATION  OP  BROWN  AND  TAYLOR'S  OFFICIAL 

nBTHOD  OF  IDBNTIFYINQ  BUTTER. 

By  Joan  A.  Huhmbi- 

rHE  recent  great  increase  in  the  production  of  renovated 
butter,  due  probably  to  the  improvements  in  the  method  of 
;  manufacture  and  the  prevailing  high  price  of  creamery  butter, 
,s  necessitated ,  in  several  states,  the  enactment  of  laws  regula- 
ig  its  sale.  Since  the  enactment  of  these  laws  there  has  been 
me  discussion  as  to  reliable  methods  for  its  identification. 
3e  fact  that  the  chemical  properties  and  the  proximate  compo- 
lion  of  samples  examined  are  entirely  within  the  range  of  nor- 
al  butter,  has  directed  attention  to  its  physical  properties  more 
Liticularly  its  behavior  with  polarized  light.  As  is  already  well- 
lown,  in  the  manufacture  of  renovated  butter,  the  butter-fat  is 
elted  and  then  cooled  rather  rapidly  in  a  stream  of  cold  water, 
bis  melting  and  rapid  cooling  induces  a  semicrystallization  of 
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the  fat.  It  was  thought  that  this  fact  might  be  taken  advantage 
of  and  would  at  least  deserve  some  study.  For  the  experiments 
carried  on  in  this  laboratory  fifteen  samples  of  renovated  butter 
secured  from  factories  in  St.  Paul,  Minneapolis  and  Duluth  were 
used ;  as  many  samples  of  undoubted  normal  butter  from  Minne- 
sota creameries  and  dairies  were  also  examined.  The  prepara- 
tions for  the  microscopic  examination  were  made  by  simply 
placing  a  small  bit  of  the  butter  on  a  glass  slide  and  pressing  it 
into  a  thin  film  with  a  cover-glass.  The  preparation  was  then 
immediately  examined  with  a  polarizing  microscope  giving  a 
magnification  of  120  to  150  diameters.  A  selenite  plate  was 
placed  between  the  slide  and  the  lower  nicol.  In  every  case  the 
normal  butters  gave  with  the  selenite  which  was  used  a  uni- 
formly blue  colored  field,  showing  the  entire  absence  of  fat  crys- 
tals. The  renovated  butters  on  the  other  hand  gave  a  blue 
field  mottled  with  yellow ;  this  mottled  appearance  varied 
slightly  in  intensity  but  was  very  marked  and  distinctive  in 
every  case.  The  accompanying  photomicrographs  are  from 
representative  preparations  and  are  believed  to  be  fair  averages. 
In  making  these  photomicrographs  the  selenite  was  not  used, 
the  thin  film  of  butter  being  simply  placed  between  crossed 
nicols.  The  source  of  light  was  a  16  candle-power  incandescent 
electric  light,  and  an  exposure  of  fifteen  minutes  was  necessary  for 
the  normal  butter,  eleven  minutes  for  the  renovated  butter,  and 
eight  minutes  for  the  oleomargarine,  using  plates  of  medium 
rapidity. 

The  writer  is  well  aware  of  the  severe  criticism  directed  against 
the  method  proposed  by  Dr.  J.  Campbell  Brown,  and  later  by 
Dr., Taylor,  for  identifying  adulterated  butter  by  means  of  the 
microscope  and  polarized  light,  yet  he  has  found  a  microscopic 
examination  of  great  value,  and  believes  it  to  be  one  of  the  best 
methods  for  the  identification  of  renovated  butter,  as  found  upon 
the  Minnesota  markets  at  least.  In  the  course  of  work  in  this 
laboratory  247  samples  of  butter  have  been  subjected  to  a  micro- 
scopic examination  as  outlined  above  and  out  of  this  number  58 
showed  conclusive  evidence  of  having  been  melted  and  cooled 
as  in  the  process  of  renovating.  A  majority  of  those  samples 
which  could  be  traced  to  the  manufacturers  were  admitted  as 
being  renovated  and  some  fines  have  been  imposed. 
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In  the  examination  of  these  samples  the  greatest  reliance  was 
placed  in  every  case  on  the  microscopic  appearance,  though 
other  tests  were  also  used. 

Laboratory  of  the  Minnesota  State  Dairy  a:vd  Pood  Commission. 
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ON  THE  PREPARATION  OF 'NUCLEIC  ACIDS  J 

By  p.  a.  Lbvene. 

Received  April  14,  1900. 

THE  various  modifications  of  Altman'sand  KossePs  methods 
of  obtaining  nucleic  acid,  which  have  appeared  during 
the  last  year  clearly  demonstrate  two  facts :  first,  that  the  old 
methods  were  unsatisfactory;  and  secondly,  that  a  thorough 
knowledge  of  the  nucleo  compounds  is  of  ever-increasing  import- 
ance to  all  investigators  in  the  field  of  the  chemistry  of  the  cell. 

All  the  new  methods  published  in  recent  years  are  based  on 
two  properties  of  the  nucleic  acids ;  namely,  their  solubility  in 
acetates  and  their  resistance  to  dilute  alkalies  on  heating.  Both 
properties  were  observed  only  by  the  authors  of  the  new  methods. 
The  improvement  recently  advocated  by  Schmiedeberg  was 
based  on  the  idea  of  removing  (by  means  of  copper  salts)  the 
proteid  material  which  combines  with  the  nucleic  acids,  to  form 
the  uucleo-compounds  occurring  in  cells  and  tissues. 

One  of  the  properties  of  the  nucleic  acids  described  by  the 
more  recent  investigators,  namely  their  resistance  to  heating 
with  alkalies,  stands  in  contradiction  to  the  observations  of  the 
older  workers.  Thus  Miescher  considered  it  requisite  that  the 
material  which  was  being  treated  for  nuclein  should  be  kept  at 
a  very  low  temperature  during  every  phase  of  its  preparation. 
Kossel  has  succeeded  in  decomposing  the  ordinary  nucleic  acid 
of  the  thymus  into  thymic  acid  by  heating  it  in  water  on  the 
water-bath. 

Neuman,  advocating  the  heating  method  with  alkalies,  states 
that  by  this  method  more  than  one  acid  is  generally  obtained. 
From  the  fact  that  different  proportions  of  the  acids  vary  with 
the  duration  of  heating,  he  draws  the  conclusion  that  the  three 
acids  are  modifications  of  the  one  occurring  in  the  tissue. 

1  Read  before  the  New  York  Section  of  the  American  Chemical  Society,  April  6, 1900. 
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Hammarsten  and  Bang,  who  have  applied  the  method  of  heat- 
ing with  alkalies  for  obtaining  their  guanilic  acid,  obtained  a 
substance  with  properties  differing  greatly  from  those  of  all  the 
other  acids  hitherto  described. 

Thus  from  the  statements  of  the  investigators  advocating  the 
**hot*'  method  it  may  be  admitted  that  the  new  methods,  being 
an  improvement  over  the  old  ones,  they  may  be  still  further  per- 
fected, because  they  do  change  somewhat  the  original  character 
of  the  substance. 

In  addition  to  this,  I  would  like  to  add  that  to  some  nucleo- 
compounds  the  new  method  cannot  be  applied  at  all,  as  their 
decomposition  on  heating  with  very  dilute  alkalies  takes  place  in 
so  short  a  time  that  it  is  impossible  to  obtain  any  satisfactory 
yield  by  that  method.  I  refer  to  the  compounds  known  as  para- 
nucleo-compounds. 

A  uniform  method  for  obtaining  all  the  nucleic  acids  is,  how- 
ever, most  desirable.  During  the  last  two  years  I  have  been 
engaged  in  the  study  of  different  nucleo-compounds,  and  I  have 
used,  with  satisfactory  results,  a  method  differing  from  those  used 
by  other  authors.  Fresh  tissues,  nucleo-proteid,  as  well  as  para- 
nucleo-proteids  are  treated  with  a  strong  solution  of  alkalies  (5 
per  cent,  sodium  hydroxide  or  8  per  cent,  ammonia) ,  and  allowed 
to  stand  in  a  cool  place  one  to  two  hours.  This  solution  or  mix- 
ture is  then  gradually  and  slowly  neutralized  with  acetic  acid, 
care  being  taken  not  to  add  too  much  acid  at  a  time,  so  that  the 
temperature  of  the  solution  does  not  rise  too  high.  It  is  advis- 
able to  keep  the  solution  in  a  cooling  mixture  or  to  add  ice  to 
the  alkaline  mixture  itself.  When  the  mixture  remains  only 
slightly  alkaline  a  saturated  solution  of  picric  acid  is  added  until 
the  mixture  becomes  neutral  or  nearly  neutral  (about  75  cc.  of 
the  picric  acid  to  i  liter  of  the  mixture  is  generally  sufficient) ; 
more  acetic  acid  is  added  until  the  mixture  is  rendered  strongly 
acid  and  then  allowed  to  stand  for  some  time,  filtered,  and  to  the 
filtrate  is  added  95  per  cent,  alcohol  until  the  latter  ceases  to 
form  a  precipitate.  This  precipitate  is  nucleic  acid.  The  picric 
acid  is  added  in  order  to  remove  the  proteid  material.  On  neutral- 
ization with  acetic  acid  a  sufficient  quantity  of  acetates  is  formed 
to  enable  the  precipitation  of  all  the  nucleic  acid  by  means  of 
alcohol.     (In  the  absence  of  acetates  nucleic  acid  cannot  be  pre- 


CHROMIUM   CELL.  33 1 

cipitated  by  alcohol.)  By  this  method  I  have  treated  ovovitel- 
lin, ichtulin  of  cod-fish  eggs,  cod-fish  sperm,  pancreas  and  bacil- 
lus tuberculosis. 

The  very  crude  acid  obtained  from  the  ovovitellin  contained 
9.65  per  cent,  of  phosphorus ;  three  other  samples  purified  con- 
tained, 10.02,  9.95,  and  9.79;  a  copper  salt  contained,  P,  8.57, 
and  Cu,  12.36  per  cent.;  for  the  free  acid,  P  =  9.78  per  cent.  The 
acid  obtained  from  the  same  vitellin  by  Milroy  in  KossePs  lab- 
oratory varied  in  its  contents  of  posphorus  from  7.51  to  7.94  per 
cent.  The  acid  obtained  from  ichtulin  contained  8.46  per  cent, 
of  phosphorus.  Walter,  who  studied  the  chemical  nature  of 
ichtulin  in  KossePs  laboratory,  failed  to  obtain  from  it  a  sub- 
stance similar  to  nucleic  acid.  The  acid  obtained  from  the  cod- 
fish sperm  was  biuret  free  after  the  first  precipitation  and  con- 
tained 8.t)5  per  cent,  of  phosphorus.  From  the  pancreas  an 
acid  was  obtained  with  the  same  solubility  as  the  other  nucleic 
acids,  while  the  substance  described  by  Bang  as  guanilic  acid 
differed  in  that  respect  from  the  other  nucleic  acids.  From  the 
bacillus  tuberculosis  the  acid  was  also  obtained  biuret  free  after 
the  first  precipitation. 

The  study  of  the  chemical  properties  of  all  the  above-men- 
tioned acids  is  now  in  progress. 

References. 
Altman  :  Arch./.  Anal.  u.  Physiol. y  1889. 
Bang:  Zischr.  physiol,  Ghent. ,  a6,  133. 
Herlant:  Arch./,  exper.  Palh.  u.  Pharm.,  44,  148. 
Kossel:  Ber.  d.  chem.  Ges.,  27,  2215. 
Mih-oy:  Zlschr.  physiol .  Ghent.,  22,  307. 
A.  Neaman:  Arch./.  Anal.  u.  Physiol. ,  1899. 
Schmiedeberg  :  Arch./,  exper.  Palh.  u.  Phamt.,  43.  57. 
Walter:  Zlschr . physiol .  Ghent.,  15,477. 


[Contributions  from  the  Havbmbybr  Laboratoribs  op  Columbia 

Univbrsity,  No.  25.] 

A  CHROMIUM  CELL  FOR  THE  RECTIFICATION  OF 

ALTERNATING  CURRENTS. 

By  J.  Livingston  R.  Morgan  and  W.  A.  Duff. 

Receired  April  17,  1900. 

MUCH  attention  has  been  given  of  late  to  aluminum  rectify- 
ing cells.     These  consist  of  a  platinum  and  an  aluminum 
electrode  in  a  solution  of  sulphuric  acid  or  potash  alum.     When 
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the  current  is  applied  to  such  a  cell,  the  aluminum  electrode 
being  the  anode,  the  aluminum  plate  becomes  covered  with  a 
highly  resistant  film  which  prevents,  to  a  great  extent,  the 
further  passage  of  the  current  in  this  direction.  In  the  opposite 
direction  however,  /.  £.,  from  platinum  to  aluminum  through 
the  liquid,  the  resistance  of  the  electrolyte  alone  is  encountered. 
If  an  alternating  current  is  applied  to  such  a  cell,  keeping  the 
voltage  down  below  a  certain  minimum  point,  an  interrupted 
current,  made  up  of  the  half  waves  of  the  alternating  one,  is  the 
result.  If  the  alternating  voltage  is  increased  gradually  a  point 
is  finally  reached  at  which  the  resistance  of  the  film  is  overcome 
and  the  latter  broken  down  after  which  the  alternating  current 
goes  through  unchanged.  Up  to  this  breaking-down 'point  the 
current  becomes  less  and  less  asymmetrical ;  i.  e.,  the  opposite 
half  waves  become  more  and  more  alike  in  size.  The  minimum 
electromotive,  force  which  will  cause  the  film  to  break  down  has 
been  found  by  us  as  well  as  by  others  to  be  about  26  volts. 

Our  experimental  work  on  this  subject  was  done  in  the  early 
part  of  1899,  but  as  it  was  not  published  at  the  time  most  of  our 
results  have  since  been  found  and  published  by  others.  The 
substitution  of  chromium  for  aluminum,  however,  has  not  yet 
been  reported  so  that  we  propose  to  give  our  results  very  briefly 
here.  At  the  time  we  did  not  expect  to  find  any  connection 
with  the  work  of  Hittorf*  on  chromium,  but  since  such  a  one 
has  been  found  we  deem  the  result  worthy  of  a  short  description 
for  its  bearing  upon  the  general  behavior  of  metallic  chromium. 
Since  our  work  was  suspended  in  April,  1899,  the  results  are 
fragmentary  but  we  think  of  their  kind,  conclusive. 

The  electrolyte  used  throughout  was  10  per  cent,  sulphuric 
acid.  The  chromium  electrode  consisted  of  a  fragment  of  the 
chemically  pure  metal*  fused  into  a  glass  tube  containing  mer- 
cury by  which  the  connection  was  made.  The  platinum  elec- 
trode was  made  of  a  strip  of  foil.  The  apparatus  consists 
simply  of  a  graded  source  of  direct  current,  the  amount  going 
through  the  cell  being  measured  by  a  low  reading  ammeter 
(o — 5).  A  reversing  switch  is  also  used  by  which  either  the 
chromium  or  platinum  may  be  made  the  anode.     If  the  platinum 

1  Ztschr.phys.  Chem.,  95,  729.  and  30,  p.  481. 
>  Kimer  and  Amend. 
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is  first  made  tbe  anode,  the  solution  becomes  yellow,  and  hydro- 
gen gas  is  given  ofi  at  the  chromium  electrode.  If  the  chromium  " 
is  now  made  the  anode  we  find  that  no  current  goes  through  the 
cell,  while  when  the  platinium  is  the  anode  the  current  passes 
freely.  We  have  then  an  asymmetrical  resistance.  Using  the 
chromium  as  anode  and  increasing  very  gradually  the  impressed 
electromotive  force  it  is  possible  to  stop  any  airrent  entirely^  a^far 
as  readings  on  the  ammeter  are  concerned^  until  the  pressure  of 
about  75  volts  is  reached.  It  is  not  diflScult  to  stop  this  amount 
after  the  cell  has  once  stopped  it,  but  in  starting,  if  the  increase 
is  made  too  rapidly,  the  current  will  force  its  way  through.  Of 
course,  with  the  platinum  as  anode  the  resistance  offered  is  only 
that  of  the  sulphuric  acid,  so  that  the  current  is  rectified  with 
great  efficiency. 

When  the  increase  in  the  electromotive  force  is  made  so 
rapidly  that  the  current  goes  through  from  chromium  to  plat- 
inum, or  after  the  cell  breaks  down  by  the  application  of  more 
than  75  volts,  a  very  peculiar  result  is  obtained,  and  it  is  by  this 
that  Hittorf*s results  for  the  ** active"  and  ** inactive**  states  of 
chromium  are  confirmed.  Unlike  the  alum^inum  cell  after  it  has 
broken  down  the  chromium,  cell  is  still  an  asymmetrical  resistance^ 
but  only  when  the  platinum  plate  is  made  the  anode.  With  chro- 
mium^  as  the  anode  the  current  now  passes  freely . 

If  in  this  condition  the  cell  is  broken  down  by  the  application  of 
too  high  an  electromotive  force  to  the  platinum,  anode  another  reversal 
takes  pliue  so  that  about  y^  volts  can  again  be  stopped  using  the 
chromium  as  anode.  The  electromotive  force  necessary  to  cause 
this  second  reversal  does  not  seem  to  be  fixed,  but  the  reversal 
always  takes  place.  This  change  in  the  behavior  of  chromium 
is  doubtless  due  just  as  were  Hittorf's  to  the  change  from  the 
**  active"  to  the  **  inactive"  state,  and  the  change  can  be  well 
shown  experimentally  in  this  way. 

One  other  thing,  we  think,  is  proved  by  this  work.  Since 
chromium  and  aluminum  act  very  much  alike  chemically,  we 
should  expect  that  they  would  both  act  asymmetrically  in  a  cell 
and  for  the  same  reason.  Aluminum  has  been  supposed  to  act 
by  a  resistant  layer  of  an  oxid*  and  since  chromium,  when  used 
in  the  same  way,  causes  a  reversal  of  the  asymmetrical  effect  and 

1  Norden :  Ztschr.  EUktrocfum.^  6,  159  and  188. 
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according  to  Hittorf  its  ** active"  and  "inactive"  states  are  not 
caused  by  resistant  films,  hence  the  asymmetrical  effect  of  alu- 
minum can  only  be  caused  by  these  ;  so  that  the  theory  of  the 
action  of  the  aluminum  cell,  as  due  to  the  formation  of  a  resis- 
tant film,  is  confirmed. 


REHARKS  ON  SOflE  HETHODS  OF  OETERniNINQ  CARBON 

IN  STEEL.* 

Bt  Groror  Aucht. 

Received  April  •$,  1900. 

IN  Blair's  **Chemical  Analysis  of  Iron"'  it  is  stated  that  com- 
bined carbon  in  steel  can  be  determined  by  loss  upon  ignition, 
70  per  cent,  of  the  loss  representing  the  carbon.  As  Blair  gives 
the  percentage  of  carbon  in  the  carbon  sponge  as  **about"  70  per 
cent.,  and  as  the  method  is  not  in  general  use,  it  may  be  inferred 
that  it  is  known  to  be  inexact.  Mr.  George  Dougherty,  in  the 
Iron  Age  for  May  11,  1899,  proposes  a  method  which  is  identical 
except  that  the  carbon  sponge  is  washed  four  times  with  hot  nitric 
acid  (sp.  gr*  1.13)  to  dissolve  out  copper  and  copper  sulphide. 
It  may  be  questioned  whether  this  procedure  makes  the 
method  an  accurate  one  as  Mr.  Dougherty's  article  does  not 
throw  much  light  on  this  point  (only  one  result  being  given). 
Some  experiments  were  made  by  the  writer,  which  showed  that, 
on  the  contrary,  the  washing  with  hot  nitric  acid  is  itself  a  source 
of  error  in  one  particular,  and  a  possible  source  of  error  in 
another,  i.  The  hot  nitre  acid  dissolves  some  of  the  carbon, 
and  the  amount  dissolved  varies  with  different  steels.  2.  The 
carbon  sponge  absorbs  and  retains  a  portion  of  the  nitric  acid, 
and  this  absorption  is  possibly  not  uniform  in  all  cases.  That 
the  washing  with  hot  nitric  acid  (sp.  gr.  1.13)  four  times  dis- 
solves out  carbon,  and  in  varying  amount,  is  shown  in  the  fol- 
lowing results,  all  from  different  steels: 

1  Read  at  the  February  Meetiag  of  the  Philadelphia  Section. 

2  Blair's  "Analysis  of  Iron,"  second  edition,  p.  151. 
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By  combustion 
By  combus-       but  washed 


tion  as 
usual. 
Per  cent. 

with  hot 
nitric  acid. 
Per  cent. 

Per- 
centage 
of  loss 

1.078 
0.76 

1.03 
0.76 

4.45 

0.00 

0.715 
0.72 

0.68 
0.697 

4.90 
3.20 

0.81 

0.665 

0.665 

0.775 

•  •  •  * 

•  ■  •  ■ 

4.32 

•  •  •  « 
•  •  •  • 

Carbon  sponge 
boiled  up  or 
digested  with 
hot  nitric 
acid. 


0.628  (Boiled  up.) 

0.62    (Digested  one-fourth  hr.) 

0.56    (        "        two  hours.) 

Eleven  other  similar  results  were  obtained  in  which  the  lowest 
percentage  of  loss  was  2.15,  and  highest  5.74.  On  digesting  a 
carbon  sponge  with  hot  nitric  acid  (sp.  gr.  1.13),  and  filtering 
the  filtrate  after  boiling  to  expel  lower  oxides  of  nitrogen, 
decolorized  permanganate  solution. 

That  the  carbon  sponge,  when  washed  with  hot  nitric  acid 

(sp.  gr.  1. 13),  absorbs  and  retains  nitric  acid,  is  indicated  by 
the  following  results : 


No. 

723 
691 

723 

739 
740 
BG2 

737 


°  2 


Gram. 

0.0856 

f  0.0583 

1 0.0583 

0.0856 

0.0654 

0.0674 

0.0603 

0.0679 


**    "^  *^    ^  'wm    CD  .^ 

tf  '*^  J3  **  ** 

■s  S  U-3'^a  Ji 

-^  V  O  w  ed^  ed  2 

>  a-r  o  or  a-r 

>  m>  eaJ3  ^  ei  ^ 

Gram. 
0.0955 
0.0647 

0.0880 
0.0747 
0.0742 
0.0750 
0.0740 


No  effort  was  made  to  ascertain  whether  the  absorption  was 
uniform  in  all  cases.  Instead  the  following  determinations  were 
made  with  a  view  to  ascertaining  the  average  percentage  of  car- 
bon in  the  carbon  sponge'  and  also  at  the  same  time  the  range 
of  error  in  the  process. 

1  Mr.  Dougherty  gives  the  percentage  as  0.6750.  This  does  not  represent  the  abso- 
lute percentage  of  carbon  in  the  nitric  acid-washed  carbon  sponge,  but  the  absolute 
percentage,  plus  the  loss  of  weight,  in  terms  of  carbon,  suffered  by  the  paper  disk  in 
being  washed  by  acid  liquids,  plus  the  loss  in  weight  through  the  solubility  of  the 
carbon  in  the  hot  nitric  acid  wash.  Nor  does  the  writer's  average  factor  (0.6000)  repre- 
sent the  absolute  percentage  of  carbon  in  the  carbon  sponge,  but  the  percentage  plus 
the  loss  by  washing  with  hot  nitric  acid.  The  writer's  filtrations  were  made  through 
asbestos. 
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From  the  above  it  is  seen  that  in  a  0.60  per  cent,  carbon  steel, 
results  by  this  method  might  vary  from  0.557  per  cent,  to  0.641 
per  cent,  carbon,  taking  0.6000  to  be  the  factor.  In  the  above 
tests  only  two  washings  with  hot  nitric  acid  (sp.gr.  1.13)  in  each 
case  were  made,  in  the  lower  row  of  tests,  and  three  in  the  upper 
row  to  reduce  the  error  from  this  cause  as  much  as  possible. 
The  steels  used  were  Swedish  band  saws  containing  not  over 
0.008  per  cent,  sulphur.  If  Meineke  is  right  in  considering^  the 
sulphur  of  the  steel  to  be  present  in  the  carbon  sponge  in  the 
free  condition,'  another  source  of  error  must  be  counted  against 
the  process  when  used  for  high  sulphur  steels. 

THE  USUAL  COMBUSTION  METHOD. 

Professor  D.  H.  Browne,*  in  describing  the  apparatus  for 
the  moist  combustion  method,  says:  **It  is  very  necessary  to 
have  a  small  U-tube  containing  CaCl,  in  one  leg  and  soda-lime  in 
the  other  attached  to  the  potash  bulbs  and  weighed  with  them. 
The  small  straight  tube  designed  to  contain  CaCl,  attached  to 
the  potash  bulb  is  not  suflScient  to  prevent  the  escape  of  a  slight 
quantity  of  water  from  the  potash  solution.'*  Mr.  A.  A.  Blair, 
in  using  the  dry  method,  found  that  the  calcium  chloride  tube 
did  not  absorb  all  the  moisture  drawn  over  from  the  potash  bulb.* 
Mr.  J.  M.  Camp,  of  Carnegie  Steel  Co.,  considers  it  necessary  to 
have  a  weighed  potash  bulb  containing  strong  sulphuric  acid 
attached  to  the  calcium  chloride  prolong.^  The  writer  of  this 
article  several  years  ago  described  to  this  Society  some  experi- 
ences of  this  kind  in  using  the  wet  method  of  combustion.  The 
carbon  dioxide  was  not  completely  absorbed  by  the  potash  solu- 
tion (sp.  gr.  1.27),  and  the  moisture  not  completely  retained  by 
the  prolong  and  drying  train;  the  amount  of  moisture  not  retained 
by  the  drying  train  and  passing  into  the  potash  bulb  amounting 
to  about  0.065  percent,  in  terms  of  carbon  with  two  sets  of  bulbs 
and  prolongs  in  use,  was  0.045  per  cent,  for  the  first  set  usually, 
and  0.02  per  cent,  for  the  second,  and  a  correction  to  this  amount 

1  Ztschr.  angew.  Chem,  (r88S),  376. 
ay.  Anal.  Appl.  Chem.,  5, 338. 
s  Ibid.,  5,  138. 
^  "Methods  of  Iron  Analysis." 
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had  to  be  made  in  each  result.  Professor  Arnold  also  in  his  experi- 
ence found  a  correction  of  0.045  P^r  cent,  (using  one  bulb)  to  be 
necesssary.*    Professor  Chas.  F.  Mabery  found  a  loss  of  moisture 
and  suspected  a  loss  of  carbon  dioxide.*     This  seems  to  be  suflS- 
cient  evidence  that  the  usual  drying  and  absorbing  agencies  are 
inefficient.     On  the   other    hand,    many   chemists  using   both 
methods   of  combustion,  have,    like  Dr.  Drown,  satisfied  them- 
selves by  actual  trial  of  the  efficiency  of  their  apparatus  in  this 
respect.     The  writer  himself  upon  changing  to  the  dry  method 
found  no  further  difficulty  of  this  kind  of  any  great  consequence* 
except  at  first  due  to  the  copper  oxide  being  packed  into  the  pre- 
heating furnace  too  tightly,  and  aspiration  being  made  by  the 
pump.     Mr.  Buck,  of  the  Bethlehem  Steel  Co.,  and  Mr.  Sargent, 
of  the  Carpenter  Steel  Works  (the  former  with  a  Shimer  appa- 
ratus,the  latter  with  a  modified  oxygen  apparatus) , use  extremely 
rapid  rates  of  aspiration  (allowing  only  twenty  minutes  for  a 
combustion)  without  loss,  either,  of  carbon  dioxide  or  of  moisture. 
Yet  it  is  certain  that  those  of  us  who  have  experienced  a  lack  of 
efficiency  of  this  sort  have  not  simply  dreamed  or  imagined  it. 
What,  then,  is  the  reason  that  the  potash  solution  sometimes  fails 
toabsorb  all  the  carbon  dioxide, and  the  calcium  chloride  or  strong 
sulphuric  acid  fails  to  absorb  all  the  moisture  ?     Some  recent 
experiments  by  the  writer  suggest  an  explanation  and  indicate 
a  source  of  error,  which  though  very  simple  may  easily  be  over- 
looked.    This  source  of  error  apparently  lies  in  the  fact  that 
when  there  is  undue  resistance  to  the  passage  of  gas  through 
the  apparatus  for  any  reason,  usually  because  of  the  calcium 
chloride  or  copper  oxide  having  become  clogged  up  in  use,  or 
having  been  packed  in  too  tightly,  or  too  finely  divided  in  the 
first  place,  the  gas  then  bubbles  through  the  potash  solution 
and  the  strong  sulphuric  acid,  and  passes  through  the  calcium 
chloride  not  evenly  and  regularly  but  the  reverse,  and  although 
precisely  the  same  volume  of  gas  may  pass  through  as  in  normal 
conditions,   the   contact  of    gas    with    drying  and    absorbing 
materials  is  obviously  less  than  normal. 

1  **  steel  Works  Analysis."  Professor  Arnold  thinks  this  due  to  something  generated 
in  the  combustion  flask,  but  the  writer  obtained  the  same  result  by  simply  aspirating 
air  through  the  apparatus  for  the  same  length  of  time. 

3  This  Journal,  30,  510. 

s  Some  moisture  escaped  from  the  prolong  after  being  in  use  a  number  of  tests,  but 
this  is  now  believed  to  be  due  to  a  cause  that  will  appear  later  on. 
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This  irregularity  of  action  and  accompanying  loss  may  be  due 
simply  or  mainly  to  the  size  and  shape  of  the  potash  bulb,  or 
may  have  its  origin  in  the  oxygen  cylinder ;  but  whatever  the 
cause  it  seems  to  be  a  fact  that  when  the  gas  does  not  pass  freely 
and  easily  through  the  apparatus,  and  does  not  bubble  evenly 
and  regularly  through  the  bulbs,  loss  ensues  if  a  rapid  or  mod- 
erately rapid  flow  be  allowed. 

The  experiments  were  as  follows: 


Prolong  clogged 

up. 

Prolong  in  good  conditkm 

Carbon. 

Carbon. 

No 

Per  cent. 

Per  cent. 

IOI2 

0.715 

0.76 

IOI3 

0.68 

0.716 

IOI5 

0.705 

0.718 

In  the  last  experiment  with  clogged  prolong  the  rate  of  speed 
of  gas  flow  was  diminished.  With  fresh  calcium  chloride  in  the 
prolong  the  following  tests  were  made.  The  loss  was  believed  to 
be  due  to  the  resistance  offered  to  the  passage  of  the  gas  by  the  3 
inches  of  rather  closely  packed  copper  oxide  in  the  combustion 
tube. 

steel  **S,"  usual  rate.  Steel  "S,"  slower  rate. 

Carbon.    Percent.  Carbon.  Percent. 

1.053,   1.066,   1.06                                                        1.078,   1.076,   1.077 
1.067,   ^•07,     1.065  ••••        

The  first  result  under  * 'usual  rate*'  is  not  the  writer's,  but 
that  of  another  chemist,  and  may  perhaps  be  taken  as  an  indica- 
tion of  some  impediment  to  the  flow  of  gas  in  his  apparatus 
also.  These  results  and  the  preceding  ones  seem  to  show  that 
it  is  highly  important. to  have  the  gas  pass  through  the  apparatus 
freely  and  easily  if  it  is  desired  to  maintain  a  rapid  or  moderately 
rapid  rate  of  gas  flow.  Using  another  apparatus  (a  Shimer 
apparatus)  in  which  the  flow  of  gas  is  very  free  and  unobstructed, 
no  higher  results  could  be  obtained  by  using  a  slow  rate  than 
by  using  a  rapid  rate  of  gas  flow.  With  the  first-mentioned 
apparatus  the  writer  now  uses  a  rate  of  one  bubble  per  second 
through  the  first  or  purifying  bulb  for  one-half  hour  fol- 
lowed by  ten  minutes  of  a  faster  rate,  and  believes  this 
rate  slow  enough  not  only  to  counteract  the  density  of  the 
copper  oxide  but  also  to  allow  for  any  clogging  up  of  the 
calcium  chloride  that  may  occur  ;  but  this  slow  rate  is,  of  course, 
impracticable  where  many  combustions  have  to  be  crowded  into 
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a  day,  or  when  a  combustion  must  be  made  in  the  very  shortest 
possible  time ;  when  a  rapid  rate  is  employed  it  would  seem 
imperative  to  be  sure  that  the  gas  passes  freely  and  easily 
through  the  apparatus,  and  bubbles  regularly  and  -evenly 
through  the  potash  bulbs.  Calcium  chloride  sometimes  clogs 
up  and  strong  sulphuric  acid  seems  preferable.  The  writer 
believes  that  for  the  calcium  chloride  prolong,  one  could  profita- 
bly substitute  diminutive  bulbs  for  strong  sulphuric  acid  of  the 
Geissler  type  but  constructed  to  hang  instead  of  to  stand  sq  as 
to  allow  of  being  weighed  along  with  the  potash  bulbs  by  being 
suspended  from  the  hook  of  the  balance. 

These  experiments  perhaps  throw  some  light  on  the  cause  of  the 
losses  of  carbon  dioxide  and  moisture  experienced  by  the  writer 
in  using  the  wet  method  of  combustion.  Possibly  these  losses 
were  caused  by  some  stoppage  in  the  apparatus  or  irregularity 
of  gas  flow.  As  a  matter  of  fact  the  aspiration  (which  took 
place  from  beginning  to  end  of  the  process)  was  made  by  a  filter- 
pump  Tyhich  the  writer  has  frequently  observed  does  not  exert 
an  even  and  regular  suction.  Possibly  all  such  losses  are 
attributable  (the  drying  and  absorbing  materials  not  being  too 
long  in  use)  to  some  such  cause — perhaps  a  clogging  up  some- 
where in  the  apparatus  causing  an  irregular  and  jerky  gas  flow; 
or  perhaps  too  much  apparatus,  causing,  by  its  resistance,  an 
uneven  flow. 

Dr.  P.  W.  Shimer  has  greatly  simplified  the  dry  combustion 
apparatus  and  his  apparatus  will,  without  doubt,  eventually 
altogether  displace  the  old  form.  He  also  makes  a  notable  change 
in  the  direction  of  greater  simplicity — in  the  drying  and  purify- 
ing train.  A  train  which  vies  with  Shimer*s  for  simplicity  is  that 
of  Prof.  Arnold's  described  in  his  book,  **Steel  Works  Analysis,** 
but  in  other  respects  there  is  a  remarkable  difference  between  the 
two.  Shimer's  train :  cold  water  for  HCl  and  CI;  calcium  chloride 
for  drying;  Arnold 'strain:  chromic  acid  solution  for  SO,;  concen- 
trated sulphuric  acid  for  drying.  It  is  seen  that  the  difference  is 
fundamental.  The  former  is  based  upon  the  belief  generally  prev- 
alent among  American  chemists  that  hydrochloric  acid  or  chlo- 
rine, if  present  in  the  carbon  sponge,  is  not  absorbed  by  the  copper 
oxide  but  passes  out  of  the  combustion  tube,  while  sulphur  dioxide 
is  believed  to  be  converted  into  sulphur   trioxide  in  the  pres- 
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ence  of  the  glowing  copper  oxide  and  absorbed  by  it.  Prof. 
Arnold's  belief  is  the  exact  opposite  of  this;  namely,  that  hydro- 
chloric acid  and  chlorine  are  absorbed  by  the  copper  oxide  of  the 
combustion  tube  (p.40),  and  that  sulphur  dioxide  escapes  there- 
from unchanged.  Which  theory  is  correct  ?  That  hydrochloric 
acid,  if  present  in  the  carbon  sponge,  is  not  absorbed  by  the 
copper  oxide,  and  does  pass  out  of  the  combustion  tube  may 
easily  be  proved  by  testing  the  water  of  the  Shimer  absorption 
tube  after  a  number  of  determinations  have  been  made.  On  the 
other  hand,  as  proof  that  sulphur  dioxide  passes  out  of  the  com- 
bustion tube,  Arnold  mentions  an  experiment  in  which  potassium 
permanganate  solution,  placed  after  the  combustion  tube  and 
connected  with  it,  became  decolorized  by  the  gas.  The  writer 
finds  that  in  using  Arnold's  chromic  acid  solution  immediately 
following  the  combustion  tube,  as  he  directs,  the  chromic  acid 
becomes  entirely  reduced,  and  the  color  of  the  solution  changed 
to  green  after  a  considerable  number  of  combustions  have  been 
made.  But  that  this  reduction  is  effected  by  hydrochlorvp  acid/ 
and  not  by  sulphur  dioxide, is  believed  to  be  proved  by  the  fact  that 
when  a  bulb  containing  cold  water  is  interposed  between  the 
combustion  tube  and  the  chromic  acid  bulb,  the  color  of  the 
chromic  acid  solution  does  not  change;  nor  does  the  water  of 
the  bulb  preceding  show  any  trace  of  sulphur  dioxide  when 
tested  with  permanganate  solution.  If  traces  of  the  gas  ever 
escape  absorption  by  the  copper  oxide,  Shimer's  cold  water  tube 
would  seem  to  be  an  ample  safeguard.  But  as  a  further  precau- 
tion, concentrated  sulphuric  acid,  saturated  with  chromic  acid, 
may  be  substituted  for  calcium  chloride  in  the  train. 

The  fact  observed  in  the  examination  of  Dougherty's  method, 
of  the  carbon  sponge  being  slightly  soluble  in  hot  nitric  acid, 
suggested  the  suspicion  that  it  might  also  be  soluble  in  hot  acid 
double  chloride  solution  to  some  extent.  The  following  tests 
were  made  on  the  same  sample  of  steel: 

Hot  double  Cold  double 

chloride  solution.  choloride  solution. 

Carbon.  Per  cent.  Carbon.  Per  cent. 

1.052,    1.050,    1.06  1.076,    1.078,    1.077 

In  these  tests  the  double  chloride  solution  was  heated  (after 

I  Five  drops  (and  probably  less)  of  hydrochloric  acid  will  completely  reduce  rocc. 
Arnold's  chromic  acid  solution  in  the  cold,  standing  over  night. 
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solution  of  precipitated  copper  was  nearly  complete)  for  an  hour 
or  more,  giving  a  much  Severer  test  of  the  solubility  of  the 
carbon  than  wauld  occur  in  actual  practice.  It  may  therefore 
be  inferred  that  the  error  from  this  cause  in  actual  practice  is 
very  slight  or  in  some  cases  nothing,  for  as  the  second  result  of 
the  first  table  of  results  in  this  article  shows  that  the  carbo- 
naceous residues  from  some  steels  are  unacted  on  by  hot  nitric 
acid,  so  it  is  probable  that  such  residues  resist  the  slightly  solvent 
action  of  hot  double  chloride  solution.  On  the  other  hand,  some 
residues  may  be  much  more  soluble  in  hot  double  chloride 
solution  than  those  of  the  above  table.  The  point  brought  out 
by  these  results  is  merely  that  heating  the  double  chloride 
solution  of  the  drillings  is  attended  with  some  risk  of  loss. 

The  carbon  residue  of  the  first  table,  that  was  not  acted  on  by 
hot  nitric  acid  was  from  a  saw — a  much-worked  product.  The 
carbon  residues  from  such  finished  products  seem  different  from 
those  of  ingot  steels  inasmuch  as  they  give  much  darker  shades 
to  nitric  acid  in  the  color  test  than  do  the  latter;  thus,  for 
instance,  a  1.07  per  cent,  carbon  steel  in  a  finished  saw  gave 
1.27  per  cent,  by  the  color  test  using  a  hammered  slab  as  standard. 

In  washing  the  carbonaceous  residue  with  hydrochloric  acid 
it  is  perhaps  safer  to  have  the  acid  cold. 

In  carbon  determinations,  the  error  from  moisture  condensation 
in  damp  weather  is  well  known.  In  a  communication  to  the 
Society  nearly  two  years  ago  the  writer  gave  the  results  of 
experiments  made  in  very  damp  weather  which  indicated  the 
error  from  this  cause  to  be  usually  0.02  per  cent,  or  0.03  per 
cent. ,  and  occasionally  as  high  as  0.05  and  0.06  per  cent.  When 
these  experiments  were  made  it  was  the  writer's  habit  to  have 
the  balance-room  door  open;  this  door  led  into  a  small  ante- room 
the  door  of  which,  at  that  time,  also  stood  habitually  open  on 
account  of  warm  weather,  so  that  the  outside  air  had  access  to 
the  balance-room.  For  a  long  time  back,  however,  the  balance- 
room  door  has  been  kept  closed,  at  least  during  the  progress  of 
combustions,  and  no  such  excessive  condensation  as  0.05  per 
cent,  and  0.06  per  cent,  have  occurred,  using  extra  bulbs  as  an 
indicator.  It  is  therefore  believed  to  be  well  to  keep  the  balance- 
room  closed,  at  least  in  warm  weather  when  adjoining  parts  of 
the  laboratory  are  open.     This  is,   of  course,   not  an  absolute 
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preventive.     Moisture  condensations  equivalent  to  something 
tinder  0.02  per  cent,  carbon  may  easily  occur. 

THE  COLOR  METHOD. 

The  color  method  for  high  carbon  steels  is  generally  regarded 
with  much  distrust.  Mr.  Wm.  Metcalf  in  his  book,  * 'Steel", 
says:  ^'Porinhigb  carbons  the  color  test  in  the  best  hands  is 
only  the  wildest  guess  work."  It  is  the  writer's  experience  that 
the  same  drillings,  even  when  dissolved  at  the  same  time,  fre- 
quently do  not  give  the  same  shade,  and  that  by  performing  the 
test  in  the  usual  way,  results  as  high  as  o.io  per  cent.,  or  even 
higher,  wide  of  the  truth  are  often  obtained.  If  the  usual 
method  be  elaborated  as  follows,  results  not  further  from  the  truth 
than  0.03  percent,  (usually  0.0 1  or  0.02  percent.),  or  at  most 
0.04  per  cent,  can  uniformly  be  obtained :  Duplicate  tests  of 
standard  and  samples  are  weighed  out.  Besides  the  standard, 
duplicate  tests  of  two  other  steels  in  which  the  carbon 
has  been  accurately  determined  by  combustion  are  also 
weighed  out.  In  the  absence  of  such  steels,  six  samples 
of  the  standard  are  taken.  When  the  color  comparisons  are 
made,  the  two  steels  of  known  carbon  content  are  first  tested, 
and  from  these  tests  is  averaged  a  correction  to  be  applied  to  all 
the  results  subsequently  obtained.  When  these  tests  are  fin- 
ished the  second  sample  of  the  standard  is  taken,  the  correction 
found  as  before,  and  the  testing  of  the  samples  duplicated,  and  the 
average  of  these  duplicates  taken.  These  precautions  are  simple 
and  obvious  but  are  of  no  avail  in  the  presence  of  a  difficulty 
which,  although  it  happens  very  rarely,  still  does  happen. 
This  difficulty  is  a  carbon  color  showing  a  mtich  deeper  shade 
placed  to  the  left  of  the  standard  than  to  the  right  of  it,  and 
requiring  a  further  dilution  equivalent  to  about  o.  10  per  cent, 
carbon  to  make  the  shade  to  coincide  with  the  standard,  the 
color  when  placed  to  the  right  showing  no  change  by  this 
dilution,  and  still  agreeing  with  the  standard.  The  result  is 
then  too  high  by  just  the  amount  represented  by  this  extra 
dilution,  or  about  o.io  per  cent.,  and  it  is  necessar>',  therefore, 
when  this  abnormal  shade  is  noticed,  to  discontinue  the  dilution 
and  to  take  the  reading  when  the  color  at  the  right  coincides, 
ignoring  the  left-hand  shade  altogether. 
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As  usual. 
No    Carbon.  Percent. 


0.96 

A4 -(  0.99 

•99 


A6 /^-^SS 

^^  10.965 


Left-hand 

shade  igrnored. 

Carbon.  Percent. 

Combustion. 
Carbon.  Percent. 

0.89 

0.88 

0.85 

ro.85 
\o.85 
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A  BURETTE  FOR  ACCURATE  GAS  ANALYSIS. 

By  Alfred  H.  White. 
Received  April  97,  1900. 

EVERYONE  who  has  attempted  to  make  accurate  analyses  of 
gases  with  the  usual  Hempel  apparatus  for  technical  g^s 
analysis,  knows  there  are  many  unavoidable  sources  of  error, 
slight  in  themselves,  but  enough  to  make  an  exasperatingly 
large  total  at  the  end  of  a  long  analysis.  The  apparatus  to  be 
described  was  devised  in  the  effort  to  eliminate  some  of  these 
sources  of  inaccuracy.  It  is  a  modification  of  the  Hempel 
burette  with  Petterson  correction  tube,  the  alterations  being  in 
the  design  of  stop-cock  and  the  position  and  form  of  the  manom- 
eter, besides  a  change  in  the  shape  of  the  graduated  tube  to 
permit  a  more  accurate  reading  of  the  gas  volume.  It  has  been 
used  in  its  present  form  for  the  past  year  in  this  laboratory,  and 
has  been  found  to  fulfil  its  purpose. 

Some  of  the  errors  incident  to  analyses  as  usually  conducted 
may  be  avoided  by  well-known  precautions.  If  mercury  instead 
of  water  is  used  as  the  liquid  in  the  burette,  errors  due  to 
solubility  of  the  gas  in  the  burette  liquid  and  errors  in  reading 
due  to  water  adhering  to  the  walls  of  the  burette,  vanish. 
Errors  due  to  solubility  of  gas  in  the  reagent  of  the  absorption 
pipette  may  be  minimized  by  the  use  of  a  small  quantity  of  the 
reagent  in  a  pipette  otherwise  filled  with  mercury  and  may  be 
greatly  lessened  when  using  an  ordinary  pipette  by  saturating 
the  absorbing  liquid  with  gas  like  that  to  be  analyzed.  Errors 
due  to  diffusion  of  gas  through  the  liquid  in  the  pipette  are  much 
more  important  than  is  usually  believed,  but  may  be  obviated  for 
most  reagents  by  the  use  of  a  few  cubic  centimeters  of  mercury, 
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forming  a  trap  at  the  bottom  of  the  pipette.  The  errors  which 
this  paper  aims  to  discuss  and  in  part  to  remedy  are  those  due 
to :  Change  in  temperature  and  barometric  pressure  during  an 
analysis;  inclusion  of  air  or  leakage  of  gas  while  making  con- 
nection with  pipettes;  and  inaccuracy  in  reading  gas  volume. 

Gas  burettes  in  which  the  gas  volume  is  unaffected  by  change 
of  temperature  and  pressure  have  been  devised  and  are  well 
known.  The  Petterson  correction  tube  as  modified  by  Hempel, 
Drehschmidt,  and  others,  consists  of  a  glass  tube  of  about  the  same 
dimensions  as  the  burette,  sealed  at  its  lower  end  and  with  its 
upper  end  connected  to  one  arm  of  a  manometer  whose  other 
arm  connects  through  a  three-way  stop-cock  with  the  gas  burette. 
This  correction  tube  is  enclosed  in  the  same  water-jacket  as 
the  burette,  and  hence  the  gas  volume  in  it  is  affected  by  changes 
of  temperature  to  just  the  same  extent  as  the  gas  in  the  burette. 
When  the  liquid  stands  at  the  same  height  in  both  arms  of  the 
manometer,  the  pressure  in  the  burette  is  the  ^me  as  in  the 
correction  tube  and  therefore  a  constant,  as  the  correction  tube 
is  sealed  at  its  lower  end.  If  the  gas  volume  is  read  under 
these  conditions  it  will  be  independent  of  changes  in  external 
temperature  and  pressure.  There  are  several  objections  to  the 
Hempel  form  of  apparatus.  The  two  rubber  connections  of  the 
manometer  may  allow  leakage  of  gas  and  consequent  change  in 
the  supposedly  constant  pressure  of  the  correction  tube.  Second, 
in  drawing  the  gas  out  of  the  manometer  into  the  burette  there 
is  a  pronounced  tendency  on  the  part  of  the  column  of  liquid  to 
break  when  it  starts  down  hill,  especially  at  the  rubber  con- 
nection, with  the  result  that  some  of  it  becomes  carried  into  the 
burette  with  consequent  change  in  the  pressure  indicated  by  the 
manometer.  Figures  i  and  2  show  the  arrangement  designed 
to  overcome  this  difficulty.  There  is  but  one  rubber  connection 
in  the  manometer,  and  that  is  placed  so  that  only  mercur>'  and 
never  gas  is  brought  in  contact  with  it,  thus  rendering  a  leak 
with  consequent  change  in  pressure  of  the  correction  tube  im- 
possible. Communication  with  the  manometer  is  established  by 
turning  stop-cock  to  position  in  Fig.  4.  By  placing  the  manom- 
eter below  the  stop-cock  the  further  advantage  is  gained  that 
in  drawing  the  gas  out  of  the  manometer  the  mercury  travels 
but  a  short  distance  and  up  hill  only,   meets  with  no  bends 
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or  inequalities  in  the  tubing,  and  so  may  be  drawn  with  great 
exactness  to  the  stop-cock,  drawing  out  all  the  gas  without 
losing  any  of  the  mercury.  The  apparatus  is  all  enclosed  in  the 
water-jacket  and  therefore  all  the  same  temperature,  and  is  less 
cumbrous  and  apt  to  get  broken  than  in  other  forms.  The 
capillary  tube  projecting  into  the  air  behind  the  stop-cock  as 
shown  in  Fig.  i  is  to  be  sealed,  under  observed  barometric  pres- 
sure if  desired ,  when  the  apparatus  is  first  set  up .  The  gas  volume 
may  be  read  when  the  mercury  is  at  the  same  height  in  the  two 
arms  of  the  manometer  and  may  then  be  reduced  to  standard 
conditions  if  desired.  When  this  is  not  required,  it  is  much 
more  accurate  to  bring  the  mercury  to  a  mark  etched  on  the 
glass,  or  better  tangent  to  the  lower  edge  of  a  black  metallic 
collar  cemented  around  the  manometer  tube.  In  this  case  the 
gas  will  not  be  under  the  same  pressure  as  that  in  the  correction 
tube,  but  the  variation  will  be  a  constant  one  and  will  cause  no 
error.  The  connection  between  the  burette  and  pipette  is,  as 
usual,  made  by  a  bent  capillary  tube  and  two  rubber  con- 
nections. Rubber  connections,  if  properly  made,  introduce  no 
appreciable  error,  but,  because  of  their  tendency  to  leak,  form 
a  serious  menace  to  accuracy.  Unfortunately  no  way  has  been 
found  to  dispense  with  them,  and  they  are  accepted  by  the 
author  as  a  necessary  evil.  There  is,  however,  an  inherent 
source  of  error  in  the  usual  method  of  making  the  connection 
which  the  burette  here  presented  completely  obviates.  With 
the  apparatus  ordinarily  used,  some  of  the  gas  under  analysis 
will  escape,  or  some  unmeasured  volume  of  air  will  be  admitted 
to  it  whenever  a  connection  is  made.  Perhaps  usually  both 
happen.  The  capillary  tip  of  the  burette,  the  connecting 
capillary,  and  the  capillary  tip  of  the  absorption  pipette,  have  a 
combined  volume  of  about  0.5  cc.  Although  by  various  ma- 
nipulative devices  it  is  possible  to  restrict  the  error  thus  intro- 
duced from  any  individual  operation  to  a  fraction  of  this  volume, 
it  amounts  in  the  course  of  a  long  analysis  to  a  serious  total. 
In  the  burette  here  presented  it  is  completely  eliminated. 

By  referring  to  Fig.  3,  the  stop-cock  is  shown  turned  in  such 
a  way  that  there  is  a  clear  passage  from  the  capillary  exit  tube 
of  the  burette  through  the  stop-cock  to  the  outer  air  again. 
With  the  stop-cock  in  this  position  the  pipette  is  to  be  connected 


BURETTE  FOR  ACCURATE  GAS  ANAI.YSIS. 


347 


in  the  customary  way  to  the  burette  but  without  any  of  the 
usual  precautions  to  prevent  inclusion  of  air.  The  liquid  in  the 
pipette  is  now  blown  up  and  through  the  capillary  till  it  reaches 
the  stop-cock.  The  capillary  tube  is  thus  completely  filled  with 
liquid .  By  turning  the  stop-cock  to 
the  position  shown  in  Fig.  2  com- 
munication is  established  between 
the  burette  and  pipette,  and  the 
gas  may  be  passed  over  and  ab- 
sorbed as  usual.  After  the  absorp- 
tion it  is  drawn  over  till  the  pipette- 
liquid  just  reaches  the  stop-cock, 
which  is  then  turned  back  to  the 
position  in  Fig.  3,  allowing  the 
liquid  in  the  capillary  of  its  own  ac- 
cord to  siphon  back  into  the  pipette. 
The  capillary  is  then  to  be  rinsed 
out  with  a  wash-bottle.  In  this  way 
all  the  gas  is  each  time  drawn  back 
into  the  burette  for  measurement. 
There  is  no  gas  lost  in  the  capillary 
connecting  tube,  and  no  air  is  in- 
troduced, if  the  rubber  connections 
have  been  properly  made. 

The  gas  volume  in  an  ordinary 
gas  burette  may  read  with  great  ac- 
curacy with  the  assistance  of  a  tele- 
scope, or  some  similar  help,  but  it 
was  desired  to  render  such  an  ad- 
junct unnecessary.  The  suggestion 
was  taken  from  one  of  Bleier's* 
sketches.  Fig.  5  shows  schematic- 
ally a  gas  burette  with  stop-cock 
and  manometer  as  already  described. 
The  main  body  of  the  burette  con- 
tains twelve  bulbs,  each  of  a  ca- 
pacity approximating  12  cc.  A 
line  is  etched  on  -each  constriction  and  the  capacity  of  the 

1 C.  Bleier,  "Ueber  grasometrische  Apparate."    Ber.  d.  chem.  Ges.y  31,  I,  238. 
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bulb  between  these  marks  is  determined.  Starting  from  the 
capillary  above  the  top  bulb  a  side  arm  springs,  terminating  in 
a  small  burette  with  total  capacity  of  15  cc.  and  graduated  in 
0.1  cc.  Both  these  burette  tubes  connect  at  the  bottom  by 
means  of  heavy  rubber  tubes  and  a  Y  with  a  stop-cock  on  each 
arm,  to  a  common  leveling  bottle.  A  screw  clamp  on  each  rub- 
ber tube  serves  for  the  exact  adjustment  of  the  mercury.  To  meas- 
ure a  gas,  the  stop-cock  is  placed  in  position  in  Pig.  3  and  the 
mercury  in  the  bulbed  tube  brought  to  the  mark  in  one  of  the 
constricted  portions  by  opening  the  proper  stop-cock  on  the  Y 
and  raising  or  lowering  the  leveling  bottle.  When  adjusted, 
the  mercury  is  held  in  its  proper  position  by  closing  the  stop- 
cock on  the  Y-  The  stop-cock  leading  to  the  small  burette  tube 
is  then  opened  and  the  gas  brought  to  approximately  atmos- 
pheric pressure  by  proper  change  in  the  mercury  level.  The 
three-way  stop-cock  at  the  top  of  the  burette  tube  being  now 
turned  to  position  in  Fig.  4,  the  burette  is  brought  into  con- 
nection with  the  manometer,  which  is  properly  set  by  further 
changing  the  level  of  the  mercury  in  the  small  burette.  The 
final  adjustment  in  both  burettes  is  made  by  the  screw  clamps 
on  the  rubber  tubes.  The  volume  of  the  gas  will  be  read  as  x 
cc.  in  the  bulbs  +  y  cc.  in  side  burette  +  z  cc.  in  manometer. 
As  there  are  these  three  readings  to  be  made  it  is  necessary 
that  each  be  very  accurate.  Let  us  see  how  accurately  this  may 
be  done.  First,  the  mercury  in  the  bulbed  tube  is  to  be  brought 
to  a  specified  mark  in  a  tube  of  about  5  mm.  internal  diameter. 
By  means  of  the  screw  clamp  this  may  be  done  with  such  ac- 
curacy that  the  error  is  negligible.  Second,  the  volume  of 
gas  in  the  side  tube  must  be  read.  Each  o.i  cc.  in  this  tube 
occupies  a  space  of  a  little  over  2.5  mm.  and  it  is  possible  to  in- 
terpolate o.oi  cc.  with  the  eye  with  an  error  of  less  than  0.02 
cc.  Third,  the  mercury  in  the  manometer  must  be  brought  to 
a  definite  mark  with  such  exactness  that  the  barometric  pressure, 
under  which  the  gas  volume  is  read,  shall  be  almost  identical 
each  time.  A  difference  of  i  mm.  of  mercury  pressure  changes 
the  gas  volume  0.13  per  cent.,  which  on  a  volume  of  100  cc. 
equals  0.13  cc,  an  error  far  too  large.  It  was  found  imprac- 
ticable to  attain  the  required  accuracy  when  it  was  attempted  to 
bring  the  mercury  to  a  mark  etched  on  the  glass.     The  best 
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device  was  found  to  be  a  band  of  thin,  blackened  copper, 
wrapped  around  the  tube  and  cemented  to  the  glass.  It  is 
possible  to  bring  the  mercury  tangent  to  the  lower  surface  of 
this  with  great  exactness.  In  working  with  this  burette  the 
author  is  accustomed  to  make  all  readings  in  duplicate,  read- 
justing at  all  points  each  time,  and  to  repeat  if  the  two  differ 
from  each  other  by  more  than  o.oi  cc.  Duplicates  usually 
agree  within  this  limit.  The  greatest  difficulty  found  in  manipu- 
lation is  to  draw  the  liquid  from  the  pipette  over  exactly  to  the 
burette  stop-cock  and  stop  it  there.  If  it  gets  into  the  burette, 
a  bubble  lodging  in  one  of  the  capillary  tubes  frequently  damps 
the  sensitiveness  of  the  manometer.  If  this  happens  the  bubble 
may  be  shot  out  of  its  lodging  place  by  compressing  the  rubber 
tube  above  the  screw  clamp.  Such  a  bubble  may  also  be 
carried  into  the  manometer,  where  it  will  obscure  the  surface  of 
the  meniscus.  To  remedy  this  it  is  well  to  keep  2  or  3 
mm.  of  water  on  the  surface  of  the  mercury  in  the  manom- 
eter. This  allows  a  perfectly  sharp  reading  of  the  mercury 
meniscus  below  the  water-level.  The  manometer  should  respond 
to  a  very  slight  movement  of  the  screw  clamp. 

The  advantages  of  this  burette  may  be  summarized  as  follows: 
It  is  a  compact  burette  which,  without  reading-telescope  or 
other  accessories,  allows  the  volume  to  be  read  with  an  error  of 
less  than  0.02  cc,  compensates  automatically  for  changes  of  tem- 
perature and  pressure,  and  avoids  completely  all  errors  due  to 
inclusion  of  air  or  loss  of  gas  in  making  connections  with  the 
absorption  pipettes.  The  disadvantages  so  far  developed  are 
chiefly  those  inherent  in  all  form^  of  apparatus  which  possess  a 
stop-cock  and  rubber  connections.  Both  may  leak;  but  on 
the  other  hand  both  may  be  kept  so  tight  for  limited  periods  of 
time  as  to  introduce  no  measurable  error. 

Accurate  apparatus  is  essential  for  accurate  work  and  the 
author  feels  it  but  a  just  acknowledgment  to  thank  Messrs. 
Greiner  and  Friedrichs  for  the  care  and  skill  with  which  they 
manufactured  the  burettes  from  his  sketches. 

AWK  Arbor,  Michigan, 
April.  1900. 
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Received  May  8,  1900. 

BY  the  action  of  stannous  chloride  on  an  acid  solution  of  a 
molybdate,  a  blue  precipitate  is  produced.  It  was  the 
investigation  of  this  precipitate,  that  led  to  the  following  process : 
To  prepare  the  blue  precipitate,  dissolve  50  grams  of  molybdenum 
trioxide  in  a  sufficient  quantity  of  ammonium  hydroxide,  to 
make  a  clear  solution;  to  this  add  about  the  same  quantity  of 
water,  make  slightly  acid  with  nitric  acid,  and  then  dilute  with 
about  five  times  its  volume  of  water.  To  this  solution  add  from 
15  to  25  cc.  of  a  10  per  cent,  solution  of  stannous  chloride.  The 
very  heavy  precipitate  which  forms  settles,  and  should  be  washed 
several  times  by  siphoning  off  the  supernatant  liquid.  These 
washings  should  be  made  as  quickly  as  possible,  as  the  blue 
precipitate  becomes  hydrated  on  standing,  thus  giving  a  deep 
blue  solution. 

After  washing,  the  precipitate  is  thrown  upon  a  plaited  filter, 
and  allowed  to  drain.  It  is  then  removed  from  the  paper,  while 
moist,  into  an  evaporating  dish,  placed  in  the  oven  and  dried  at 
100°  C.  This  precipitate  seems  to  correspond  to  the  oxide  of 
molybdenum,  Mo,Og. 

Place  some  of  this  oxide  in  a  porcelain  boat,  and  insert  into  an 
ignition  tube,  pass  in  hydrogen  for  a  few  minutes,  then  apply 
heat  from  a  Bunsen  burner  for  one  hour,  kllow  to  cool,  weigh 
and  heat  again  for  fifteen  minutes,  and  continue  heating  until 
the  weight  is  constant.  The  reduction  takes  from  one  hour  to 
one  and  one-half  hours,  and  may  be  hastened  by  moistening  the 
oxide  with  a  few  drops  of  water.  The  molybdenum  as  prepared 
in  this  way  is  an  ashen  gray  powder.  The  blue  oxide  is  reduced 
more  readily  than  the  trioxide,  under  the  same  condition.  In 
the  electric  furnace  the  blue  oxide  is  rapidly  reduced. 

The  accompanying  figure  illustrates  a  device  by  which  we 
have  been  able  to  reduce  various  substances,  and  is  very  con- 
venient in  working  with  a  small  quantity. 

The  apparatus  consists  of  a  three- necked  flask,  A  ;  the  carbons, 
B  and  B',  are  held  in  position  by  asbestos  plugs.     B'  has  a 
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cavity  in  the  end,  into  which  the  substance  to  be  reduced  is 
inserted.  At  C  is  an  inlet  and  an  outlet  tube,  by  means  of 
which  an  atmosphere  of  hydrogen  is  obtained.     Pill  the  cavity 


in  B',  remove  the  air,  connect  D  and  K  with  B  and  B',  by 
means  of  copper  foil,  and  having  the  proper  resistance,  turn  on 
the  current,  and  allowto  pass  until  the  desired  efiect  is  produced. 
The  oxide  was  reduced  in  forty  seconds,  and,  prepared  in  this 
way,  resembles  the  product  of  the  electric  furnace;  that  ts,  a  dull 
steel  gray  mass,  which  is  very  hard. 

UltlVBBSITT  OP  HAIHB,  OKOHO,    HR. 
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Rndml  Ml,  u.  "joo. 

/■HEN  the  tariff  act  of  1897,  known  as  the  Dingley  bill, 
was  made  a  law  to  govern  the  classification  of  imported 
articles,  there  appeared  a  paragraph  in  the  act  which,  with  an 
intent  of  definite  designation,  opened  a  question  which  became 
so  involved  that  its  final  settlement  was  madeonly  after  litigation. 
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The  paragraph. is  No.  279,  which  reads  **....;  wool  grease, 
including  that  known  commercially  as  degras  or  brown  wool 
grease,  one-half  of  one  cent  per  pound.*' 

The  introduction  of  the  term  degras  caused  all  the  trouble, 
because  the  authorities  framing  the  bill  did  not  make  the  fact 
clear  that  the  term  degras  is  applied  to  oils  and  greases  used  by 
tanners  without  any  special  distinction. 

For  the  question  involved,  research  work  was  done  in  this 
laboratory  on  wool  grease  and  sod  oil,  the  results  upon  the  latter 
being  published  in  this  Journal  in  1899,  p.  291. 

As  a  result  of  the  trial  of  the  cases  involved,  sod  oil  was 
decided  to  be  entitled  to  free  entry  as  an  oil  used  expressly  for 
currying  leather  not  specially  provided  for  in  the  act,  paragraph 
568,  and  not  similar  to  wool  grease.  Since  that  time  I  have  been 
so  often  approached  by  people  regarding  the  facts  pertaining  to 
the  substances  involved  in  the  case  that  I  thought  the  subject 
might  be  of  wider  interest  than  to  the  limited  circle  of  my  pro- 
fessional acquaintances. 

Sod  oil  and  wool  grease  have  entirely  different  constitutions 
as  well  as  characteristics,  and  hence  should  be  easily  distin- 
guished apart. 

I  wish  especially  to  call  attention  to  the  terms  **wool  grease," 
**degras,''  and  ''sod  oil.'' 

Wool  grease  is  extracted  from  the  wool  of  sheep.  Sod  oil  is 
expressed  or  extracted  from  leather  which  has  been  curried  by 
oils,  particularly  fish  oils. 

Sod  oil  has  no  relation  to  wool  grease  in  its  derivation,  but  is 
related  to  it  in  its  use;  that  is,  for  the  currying  of  leather.  Sod 
oil  contains  a  resinous  substance  (not  a  resin)  known  as  degras 
former,  which  is  characteristic  of  sod  oil.  No  other  oil  or  grease 
(and  this  includes  wool  grease,  which  is,  scientifically  speaking, 
an  animal  wax  and  not  a  grease  at  all)  contains  this  degras 
former,  which  is  therefore  characteristic  of  sod  oil. 

Originally,  sod  oil  was  called  degras.  Later  the  term  was 
made  by  the  American  oil  trade  and  to  a  less  extent  by  the 
English  to  embrace  wool  grease.  The  term  degras  has  there- 
fore come  to  embrace  two  substances,  dissimilar  in  constitution, 
source,  and  chemical  constants.  Wool  grease  being  called  degras 
by  the  trade,  caused  the  mention  of  degras  in  paragraph  279  oi 
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the  act  of  1897 — a  commercial  term  by  which  woof  grease  is 
known,  as  it  is  also  known  under  the  name  of  brown  grease. 
The  point  I  wish  to  make  is  that  the  degras  there  mentioned 
means  wool  grease  but  it  does  not  embrace  sod  oil  which  in  no  way 
resembles  it  except  in  use.  From  this  it  can  be  seen  that  the 
term  degras  which  originally  had  a  limited  meaning  has  come  to 
be  applied  indiscriminately  to  the  'two  substances  used  for 
currying  and  stuffing  leather,  and  was  mentioned  in  paragraph 
279  to  make  that  paragraph  stronger  in  covering  wool  grease. 

Paragraph  279  mentions  two  substances,  tallow  and  wool 
grease.  Degras  is  not  mentioned  in  that  paragraph  excepting  as 
a  wool  grease  degras.  Brown  grease  is  mentioned  also  in  this 
same  connection. 

Paragraph  568  mentions  *'all  other  greases  and  oils  used  for 
stuffing  leather.*'  Here  also  is  included  a  degras  but  this 
degras  is  not  that  specially  mentioned  jn  paragraph  279  which 
is  a  wool  grease,  but  is  the  original  degras,  or  sod  oil  made  from 
oil  expressed  from  leather,  and  therefore  having  no  connection 
with  a  wool  grease  which  comes  from  wool.  Sod  oil  is  the 
English  name  for  the  substance  known  to  the  French  as  degras 
or  moellon  and  the  term  degras  is  the  original  French  name  for 
this  oil  extracted  from  oiled  chamois  leather  and  has  been  bor- 
rowed by  the  English  to  be  misapplied  to  wool  grease. 

The  term  sod  oil  is  unknown  in  the  French  currying  trade 
excepting  as  an  English  translation  of  their  own  word  degras 
or  moellon,  and  the  process  of  making  degras  might  be  said  to 
have  originated  in  France  in  the  manufacture  of  chamois  leather. 


(Contribution    from   the    Chemicai.   Laboratory   of   Lafayette 

COLI*EGE. ) 

A  METHOD  FOR  THE   DETERMINATION  OF  ZINC  BY  THE 
USE  OF  STANDARD  THIOSULPHATE  SOLUTIONS 

By  Richard  K.  Meade. 

Received  May  4>  1900. 

AT  the  spring  meeting  of  the  Lehigh  Valley  Section,  the 
author  read  a  paper*  upon  a  new  volumetric  method  for 
magnesium.     The  method  depended  upon  the  precipitation  of 

1  Read  at  a  meeting  of  the  Lehigh  Valley  Section,  January  18,  1900. 

2  This  Journal,  ai,  746. 
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the  magnesium  as  magnesium  ammonium  arsenate,  Mg,(NHJ,- 
As,0.+H,0,  and  the  determination  of  the  arsenic  in  this  pre- 
cipitate by  digestion  with  potassium  iodide  in  a  strongly  acid 
solution,  and  titration  of  the  liberated  iodine  with  standard 
thiosulphate.  When  a  solution  of  arsenic  acid  contains  suffi- 
cient sulphuric  or  hydrochloric  acid,  the  arsenic  is  quickly 
reduced  by  potassium  iodide  even  in  the  cold  from  the  higher 
to  the  lower  state  of  oxidation.  The  reaction  is  expressed  by 
the  equation 

As,0.  +  4KI  +  4HCI  =  As,0,  +  4HCI  +  2H.O  +  2I,. 

Zinc  is  usually  determined  as  a  pyrophosphate  by  precipitation 
as  zinc  ammonium  phosphate  and  ignition  of  this  latter. 
Since  the  method  above  outlined  for  magnesium  was  suggested 
by  the  analogy  between  the  phosphates  and  arsenates,  the 
thought  also  occurred  to  me  to  make  use  of  a  volumetric  method 
for  determining  zinc,  somewhat  similar  to  that  for  magnesium,  by 
precipitating  the  zinc  as  an  ai:senate  instead  of  a  phosphate  and 
determining  the  arsenic  in  the  precipitate  by  titration  with 
standard  thiosulphate  solution.  Prom  the  equation  given 
above  and  the  formula  for  the  zinc  ammonium  arsenate,  each 
cubic  centimeter  of  decinormal  sodium  thiosulphate  should  be 
equivalent  to  0.00327  gram  of  zinc. 

The  method  as  tried  for  zinc  was  as  follows  :  Pure  zinc  oxide, 
ZnO,  was  dissolved  in  dilute  hydrochloric  acid,  an  excess  of 
ammonia  added,  and  then  50  cc.  of  a  10  per  cent,  solution  of 
sodium  arsenate.  The  solution,  after  dilution  to  about  750  cc., 
was  next  warmed  and  nitric  acid  added  until  a  slight  turbidity  was 
produced  when  the  addition  of  nitric  acid  was  discontinued  and 
acetic  acid  added  in  its  place,  i  cc.  at  a  time,  until  the  solution 
reacted  acid  to  test  paper.  The  precipitate  was  changed  from 
curdy  and  flocculent  to  heavy  and  granular  by  heating 
and  stirring.  After  allowing  the  precipitate  to  settle  it  was 
filtered  off  and  washed.  A  hole  was  next  punctured  in  the 
filter-paper,  the  zinc  ammonium  arsenate  washed  into  a  beaker, 
and  50  to  60  cc.  of  dilute  hydrochloric  acid  added.  The  paper 
and  the  beaker  in  which  the  precipitate  was  formed  were  washed 
with  the  dilute  acid  until  the  solution  and  washings  measured 
85  to  100  cc.  when  from  2  to  3  grams  of  potassium  iodide  were 
added  to  the  solution,  and  after  allowing  this  latter  to  stand  in 
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the  cold  a  few  minutes,  the  standard  thiosulphate  was  run  in  from 
a  burette  until  the  color  of  the  solution  faded  from  red-brown  to 
pale  straw  color  and  then,  drop  by  drop,  until  all  color  vanished. 
The  addition  of  starch  for  an  indicator  of  the  end  of  the  reaction 
was  found  unnecessary  in  both  the  determination  of  magnesium 
and  zinc  by  this  method.     Below  are  the  results  : 

Zinc  oxide  taken.  Equivalent  in  Zinc.  Zinc  found. 

Gram.                            Gram.  Gram. 

1 0.2490                                  0.2CXXD  0.1998 

2 0.2490                               0.2000  0.1994 

3 0.2490  0.2000  0.2002 

4 0.1245  o.iooo  0.1004 

5 0.1245  O.IOOO  0.1002 

6 0.1245  O.IOOO  0.0998 

Since  calcium  and  magnesium  are  precipitated  from  alkaline 
solutions  by  sodium  arsenate  while  zinc  from  an  acid  one,  the 
successful  attempt  was  made  to  separate  the  latter  from  the 
former  two  by  first  making  the  solution  strongly  ammoniacal, 
adding  sodium  arsenate,  filtering  off  the  calcium  and  magnesium 
arsenates,  then  making  the  solution  acid  with  nitric  and  acetic 
acids  and  filtering  off  and  determining  the  zinc  as  described  above. 
The  completeness  of  the  separation  is  shown  by  these  results.  • 

Zinc  oxide         Equivalent    Calcium  carbonate     Magrnesium  Zinc  oxide 

taken.  in  zinc.  added.  oxide  added.  found. 

Gram.  Gram.  Gram.  Gram.  Gram. 

0.2490  0.2000  0.2000  O.IOOO  0.1996 

0.2490  0.2000  0.2000  O.IOOO  0.1992 

0.2490  0.2000  0.2000  O.IOOO  0.2004 

0.0623  0.0500  0.2000  0.2000  0.0500 

0.0623  0.0500  0.2000  0.2000  0.0502 

0.0623  0.0500  0.2000  0.2000  0.0496 

Unfortunately  manganese  can  not  be  so  easily  separated 
from  zinc.  In  the  case  of  ores,  etc.,  it  may,  however,  readily 
be  gotten  rid  of  by  treatment  with  potassium  chlorate  and  nitric 
acid  after  the  solution  of  the  ore. 

The  determination  of  zinc  in  a  sample  of  ore  was  tried  by 
first  throwing  down  the  manganese  as  a  dioxide  with  potassium 
chlorate  and  nitric  acid  and  filtering,  separating  the  iron  and 
alumina  by  double  ammonia  precipitations,  then  adding  a  large 
excess  of  sodium  arsenate  and  filtering  off  the  calcium  and 
magnesium  arsenates  formed,  and  finally  precipitating  the  zinc 
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by  addition  of  nitric  and  acetic  acids.  The  iodine  liberated  by 
digesting  this  precipitate  in  an  acid  solution  of  potassium  iodide 
was  then  titrated  with  standard  thiosulphate  and  the  zinc  calcu- 
lated from  the  reading  on  the  burette.  The  time  required  to  run 
four  determinations,  without  any  effort  at  speed,  was  about  eight 
hours. 
The  analysis  of  the  ore  by  careful  gravimetric  methods  was 

Per  cent 

Zinc  oxide 37-58 

Manganese  monoxide 15-33 

Ferric  oxide 29.69 

Calcium  oxide 1.12 

Magnesium  oxide 0.77 

Silicon  dioxide 12.77 

Carbon  dioxide 1.23 

Water 0.76 

99-25 
Metallic  zinc,  30.18  per  cent. 

By  the  volumetric  method,  outlined  above,  the  results  were 

,  Metallic  zinc. 

Per  cent. 

I 30.00 

2 29.98 

3 30-04 

4 29.98 

LAFAYBTTB  COLLBOB,  K ASTON,  Pa., 

January  18,  1900. 


NOTES. 

The  Alleged  Adtdteratian  of  Milk  with  Brain-matter:^ — 
In  the  1898  report  of  the  Dairy  Commissioner  of  the  State  of 
New  Jersey,  page  50,  one  of  the  chemists  acting  for  the  Com- 
missioner, refers  in  rather  intemperate  language  to  the  state- 
ments made  in  some  text-books,  concerning  brain-pulp  as 
a  possible  adulteration  of  milk  and  asserts  that  such  adul- 
teration has  never  occurred.  He  quotes  the  statement  of 
Konig*  to  the  effect  that  such  addition  to  milk  involves  practical 
knowledge  and  resources  which  would  hardly  be  possessed  by 
milk-producers  or  purveyors,  but  Dr.   Konig  has  not  foreseen 

1  Read  before  the  Philadelphia  Section  of  the  American  Chemical  Society,  March  15, 
1900. 

2  NahrungS'  u.  Genussmittel,  a,  256. 
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the  spread  of  education  and  the  aid  that  such  people  may  get 
from  books  and  even  from  newspapers.  We  may,  however, 
judge  from  Konig's  statement  that  the  German  reports  give  qo 
authentic  instance  of  such  addition,  but  we  would  be  mistaken 
if  we  were  to  regard  the  allegation  as  on  the  same  par  with 
the  popular  fallacies  about  sand  in  sugar  or  chalk  and  water  as  a 
milk  substitute.  A  consultation  of  trustworthy  authorities  will 
furnish  some  interesting  data. 

The  earliest  reference  to  the  subject  seems  to  have  been  in  an 
anonymous  article  in  the  Gazette  d.  Hdpitaux  (1841).  Unfortu- 
nately the  file  of  the  Gazette  at  the  College  of  Physicians  lacks 
the  numbers  for  1841,  but  the  general  opinion  of  those  who  have 
consulted  the  article  is  that  its  statements  are  not  worthy  of 
credit.  It  appears  to  have  been  written  in  consequence  of  the 
agitation  in  Prance  at  that  time  over  the  enactment  of  laws 
regulating  the  sale  of  milk.  The  general  subject  of  the  com- 
position of  milk,  its  adulterations  and  the  means  of  detecting 
them,  had  been  discussed  at  great  length  by  Quevenne  in  the 
Ann,  rf.  Jfyg*  Pub.  et  d,  Med.  Leg.  for  1841.  In  the  same  journal 
for  1842,  many  pages  are  given  to  the  discussion  of  the 
adulteration  of  milk  by  brain-matter,  the  papers  being  by 
Quevenne  and  Gaultier  de  Claubry.  A  summary  of  the  paper 
by  the  latter  author  is  published  in  the  Bull.d,  Acad.  d.  Med.y  7 
(1842).  Quevenne  regards  the  adulteration  as  unlikely,  and 
thinks  that  it  could  not  serve  as  a  means  of  concealing  added 
water  but  might  be  made  to  conceal  skimming. 

These  French  experimenters  found  that  milk  that  had  been 
adulterated  by  them  with  brain-matter  presented  properties  dif- 
ferent from  those  described  by  the  anonymous  writer  in  the 
Gazette. 

A.  H.  Hassell,  in  his  work  on  **  Food  Adulteration  *'  (1876,  p. 
418)  states  that  Mr.  Queckett,  the  famous  microscopist,  exhibited 
drawings  made  from  examinations  of  milk  containing  nerve 
tissue.  It  is  further  on  record  that  Queckett  stated  before  a 
committee  of  the  House  of  Commons  that  he  had  found  such 
structures  in  the  sediment  from  a  sample  of  milk  examined  about 
1850,  but  had  not  observed  it  since.  He  submitted  drawings 
of  fields  obtained  from  cows'  milk  with  and  without  addition  of 
calves*  brains.     As  Queckett  was  an  accomplished  microscopist 
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and  a  scientific  investigator,  it  does  not  seem  likely  that  he 
would  be  mistaken  on  this  point  and  he  was  evidently  sure 
enough  of  it  to  make  drawings  of  what  he  saw,  and  bring  thm 
to  professional  and  official  notice.  We  may,  therefore,  accept 
this  record  as  one  of  trustworthy  character.  Hassell  figures, 
on  page  426  of  the  work  above  noted,  a  field  showing  the  appear- 
ance of  milk  containing  brain-matter,  but  does  not  state  whether 
it  is  a  copy  of  Queckett's  drawings  or  from  a  sample  prepared 
for  the  purpose. 

Additional  evidence  as  to  this  form  of  adulteration  is  presented 
in  a  communication  by  Sidney  Gibbons,  F.  C.  S. ,  in  the  Chemical 
News,  33,  134  (1874).  After  a  brief  reference  to  the  statements 
of  Hassell  and  Queckett,  Mr.  Gibbons  details  an  interesting 
experience  of  which  the  following  is  an  abstract: 

At  a  suburban  hotel,  near  Melbourne,  Victoria,  frequent  com- 
plaints had  been  made  of  the  quality  of  the  milk  supplied,  and 
on  a  certain  date  a  sample  was  furnished  to  the  chemist.  As 
received,  the  sample  had  formed  into  three  layers,  the  highest 
and  lowest  being  thick  and  dirty  gray,  the  middle  one  thin  and 
colorless.  When  shaken,  the  mass  became  uniform  and  pulpy 
without  frothing  but  stratified  again  on  standing.  Its  specific 
gravity  was  1022.  The  top  layer  did  not  closely  resemble  cream 
and  contained  but  few  fat-cells.  The  lowest  stratum  was  darker, 
including  dirt,  sand,  and  vegetable  matter.  Much  granular  and 
clotted  matter  was  present  which  was  distinguished  from  fat  by 
staining  with  magenta.  There  was  no  material  amount  of  starch, 
though  a  few  granules  were  present.  Many  peculiar  cell- 
structures  resembling  brain- cells  were  seen  under  the  microscope. 
Mr.  Gibbons  mixed  some  sheep*s  brain  with  milk  and  obtained 
optical  appearances  similar  to  those  in  the  sample.  He  did  not 
succeed,  however,  in  making  so  smooth  a  mixture,  possibly 
because  the  milkman  had  manipulated  the  material  more  elabo- 
rately. The  fields  observed  agreed  closely  with  the  drawings 
given  by  Hassell. 

From  these  reports  it  seems  justifiable  to  record  brain-matter, 
especially  calves'  and  sheep's  brains,  as  adulterations  of  milk 
that  have  occurred  and  may  again  occur,  and  therefore  not  to  be 
overlooked  in  the  analytic  manuals. 
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Quevenne  and  Gibbons  incline  to  the  view  that  this  form  of 
adulteration  is  not  dangerous  to  the  public  health,  although,  of 
course,  not  in  any  sense  permissible.  Such  views  may  be  easily 
excused  when  we  consider  how  little  was  known,  even  at  the 
date  of  Gibbons'  report,  concerning  the'  diseases  likely  to  be  con- 
veyed by  milk.  The  view  of  the  French  and  English  chemists 
is  based  on  the  fact  that  brain-matter  is  a  regular  article  of  food 
but  this  loses  its  value  when  we  remember  that  for  such  purpose 
the  brains  are  cooked,  which  would  be  rarely  the  case  when 
used  for  milk  adulteration.  Apart  from  the  liability  of  the  brain  to 
contain  virulent  microbes,  the  localization  there  of  certain  stages 
of  dangerous  entozoa  is  by  no  means  infrequent. 

It  is  a  question  whether  some  of  the  special  milk-laws  would 
cover  this  form  of  adulteration  but  it  is  clearly  prohibited  by  the 
general  food-law  in  operation  in  most  of  the  states  of  the  United 
States,  and  butter  made  from  such  milk  would  come  under  the 
provisions  of  the  national  and  state  laws  concerning  oleomargarin. 

It  seems  to  me  that  this  form  of  adulteration  might  easily 
escape  notice.  Brain- matter  may  give  a  rich  creamy  color  to 
skimmed  milk.  All  those  who  have  written  about  the  subject 
have  spoken  of  the  use  of  the  microscope  for  detecting  the 
adulterations,  but  in  the  routine  inspection  of  milk-supplies, 
microscopic  examination  is  rarely  employed,  and  hence  the  . 
adulteration  might  be  overlooked.  I  have  prepared  samples  by 
adding  to  skimmed  milk,  some  calves'  brain  well  pulped  and 
strained  through  a  close-mesh  sieve.  The  nerve  tissue  can 
easily  be  seen  with  a  moderate  magnifying  power.  Evaporation 
in  a  milk-dish  does  not  show  anything  different  from  ordinary 
milk,  but  the  odor  emitted  when  the  residue  is  charred,  prepara- 
tory to  taking  the  ash,  is  suggestive  of  foreign  animal  matter. 
When  the  sample  was  treated  with  the  mixture  of  pentyl-alcohol 
and  hydrochloric  acid,  and  then  with  strong  sulphuric  acid  in 
the  usual  manner  for  rapid  fat-determination,  no  peculiar 
reactions  were  noted.  The  proteids  dissolved  quite  as  readily  in 
the  acid  as  that  from  pure  milk.  The  brain-pulp  was  found  to 
be  rapidly  soluble  without  striking  color  in  cold  strong  sul- 
phuric acid. 

Henry  Lefpmann. 


^ 
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A  New  Form  of  Receiver  for  Fractional  DisHllaiion  in  Vacuo}— 
While  there  are  several  forms  of  receivers  which  give  sat- 
isfaction, when  small  quantities  of  liquids  are  fractionated 
in  vacuo,  most  of  them  are  open  to  the  serious  objection  that 
it  is  necessary  to  destroy  the  vacuum  to  change  receivers  or  to 
remove  all  or  part  of  the  distillate ;  these  difficulties  are  entirely 
obviated  by  the  apparatus  shown  in  the  figure. 

The  receiver  consists  of  three  separatory  funnels  sealed 
together,  each  of  the  three  bulbs  being  provided  with  a  side  stop- 
cock, the  uppermost  having  an  additional  one,  which  is  con- 
nected with  the  vacuum  pump. 

The  condenser  tube  enters  into  the  top  bulb,  connection  being 
made  by  a  ground  glass  joint,  for  which  a  rubber  stopper  may  be 
substituted  if  desired. 

The  modus  operandi  \s  obvious  and  almost  automatic  ;  the  stop- 
cocks a,  d,  e,  and/ are  closed,  b,  c^  and^  opened,  the  last  being 
connected  with  the  vacuum  pump  ;  the  first  fraction  is  collected 
in  bulb  A,  the  stop-cock  b  closed,  and  the  second  fraction  col- 
lected in  bulb  B  ;  by. closing  stop-cock  c,  the  third  fraction  may 
be  collected  in  bulb  C. 

If  it  is  desirable  to  separate  the  distillate  into  more  than  three 
fractions,  or  if  the  quantity  of  the  distillate  exceeds  the  capacity 
of  the  bulbs  (which  may  be  i  liter  each),  the  apparatus  shows 
its  special  advantages. 

Suppose  the  first  fraction  has  been  collected  in  bulb  A  and  the 
second  is  being  received  in  B  ;  by  opening  stop-cock  d,  air  is  ad- 
mitted into  A,  and  the  contents  withdrawn  through  a ;  closing 
this  and  connecting  d  with  a  second  pump,  the  vacuum  is  re- 
established in  A.  This  point  may  be  ascertained  without  the 
aid  of  a  separate  manometer  by  slightly  opening  b  when,  if  the 
vacuum  is  less  in  A  than  in  B,  air  will  bubble  through  the  liquid 
in  the  latter,  while  if  the  pressure  in  both  bulbs  is  the  same,  or 
if  it  is  less  in  A,  the  distillate  will  flow  down  to  A,  where  it 
may  be  collected  and  drawn  off  as  before,  and  the  operation 
repeated  ad  infinitum. 

With  a  little  experience  a  receiver  of  a  total  capacity  of 
three  liter's  may  be  so  manipulated  as  to  distil  several  liters  of 
liquid  without  interruption.      In  actual  practice  40  liters  are 

1  Read  at  the  meeting  of  the  Cincinnati  Section,  February  15.  1900. 
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regularly  distilled  in  this  way,  and  each  fraction  is  made  sharp 
and  exact,  as  there  is  no  disturb- 
ance of  the  vacuum. 

With  bulbs  of  smaller  capacity, 
^-  S'%  250  cc.  each,  it  is  unnecessary 
to  employ  more  than  one  pump, 
since  the  vacuum  will  not  appre- 
ciabl3*  diminish  in  the  short  time 
necessary  to  close  g^  disconnect 
the  pump,  attach  it  to  rf,  and  rees- 
tablish the  vacuum  in  this  bulb. 
A  makeshift  apparatus,  embodying 
the  principles  of  the  one  shown  in 
the  sketch,  can  be  made  in  any 
well-equipped  laboratory  by  con- 
necting three  separatory  funnels 
by  means  of  two-holed  rubber 
stoppers,  the  other  holes  being  oc- 
cupied by  bent  glass  tubes  provi- 
ded with  stop-cocks  or  even  rubber 
tubing  and  pinch-cocks. 

For  continued  use  the  apparatus 
witli  the  bulbs  sealed  together  is  to 
be  recommended;  the  one  described 
has  been  used  almost  daily  by  the 
writer  and  was  made  according  to  his  designs  by  E.  Greiner, 
No.  62  Centre  Street,  New  York. 

LUCIEN  FOGETTI. 
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Hon.  Nathaniel  Peter  Hill,  of  Denver,  Colorado,  scientific 
metallurgist,  sometime  professor  of  chemistry  in  Brown  Univer- 
sity, and  later  United  States  Senator  from  Colorado,  was  bom 
in  Montgomery,  N.  Y.,  February  18,  1^32;  he  died  in  Denver, 
Colorado,  May  22,  1900. 

His  father  and  mother  were  notable  people  in  Orange  County, 
N.  Y.  The  father,  a  well-to-do  and  substantial  farmer,  had 
been  lieutenant  of  cavalry  in  the  war  of  18 12  and  subsequently 
he   held    many    offices  of  trust  in  his  county   where   he  was 
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respected  as  a   man  of  superior  abilities  and   high  character. 

When  Senator  Hill  entered  Brown  University  in  the  year  1853 
he  was  a  bright  and  promising  young  man,  matured  and 
developed  by  the  responsibility  which  had  come  upon  him,  while 
yet  little  more  than  a  boy,  of  managing  the  farm  after  his  father's 
death.  His  interest  in  scientific  agriculture  led  him  to  devote 
his  chief  attention  to  chemistry,  and  his  progress  in  the  subject 
was  so  rapid  and  so  substantial  that  he  was  soon  made  an 
instructor,  and  in  1859,  he  was  appointed  professor  of  chemistry. 
He  soon  set  about  the  securing  of  funds  for  a  new  chemical 
laboratory  for  the  university,  and  he  accomplished  the  work  of 
its  construction  in  1862. 

A  little  later  his  attention  was  directed  to  the  freshly  opened 
gold-bearing  districts  in  Colorado.  The  field  appeared  so 
promising  that  in  1864  he  resigned  his  professor's  chair  and 
turned  his  attention  to  practical  metallurgy.  He  was  early 
impressed  with  the  necessity  of  smelting  rather  than  milling  the 
Colorado  ores  of  Gilpin  County,  and  he  proceeded  to  make  a 
careful  study  of  the  whole  subject  at  the  metallurgical  works  of 
Freiberg,  in  Saxony,  and  Swansea,  in  Wales.  As  a  result,  he 
formed  a  business  connection  with  the  noted  house  of  Vivian  & 
Sons  in  Swansea.  In  1867  he  organized  the  Boston  and  Colorado 
Smelting  Co. ,  a  concern  which  has  operated  successfully  for 
over  30  years  and  of  which  up  to  the  time  of  his  death  he  was 
the  general  manager.  Professor  Hill  is  acknowledged  as  the 
chief  agent  in  the  creation  of  that  great  industry  which  was 
necessary  to  the  development  of  the  mineral  resources  of  his 
adopted  State. 

Space  does  not  permit  a  full  statement  here  of  his  achieve- 
ments, but  a  partial  enumeration  of  his  official  and  business 
positions  speaks  volumes.  He  was  mayor  of  Black  Hawk,  Colo- 
rado, in  1 871;  member  of  the  Colorado  Territorial  Council, 
1872-3;  United  States  Senator  from  Colorado,  1879-1885;  member 
of  the  International  Monetary  Commission,  1891;  president  of 
the  United  Oil  Company,  working  in  the  Florence  district;  presi- 
dent of  the  Colorado  Smelting  and  Mining  Company,  operating 
on  an  extensive  scale  in  Montana;  president  of  the  Denargo  Land 
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Company,  engaged  in  developing  real  estate  in  the  vicinity  of 
Denver;  principal  owner  of  the  Denver  Republican, 

As  a  chemist  and  scientific  man  Professor  Hill  was  character- 
ized by  clear  insight,  great  grasp  of  his  subject,  and  sound 
judgment.  His  scientific  work  related  chiefly  to  applied  chem- 
istry. During  his  professorship  in  Brown  University  he  con- 
tinually acted  as  expert  and  adviser  in  connection  with  chemical 
manufacturing  establishments  in  and  near  Providence.  But 
his  life-work  was  in  metallurgy,  and  the  complex  operations  of 
his  refining  establishments  near  Denver  are  a  monument  to  his 
power  in  the  scientific  treatment  of  metallic  ores.  As  a  univer- 
sity professor  he  was  highly  valued;  he  was  not  only  recognized 
as  a  master  of  his  subject  and  as  a  clear  thinker,  but  more,  he 
was  loved  by  his  pupils  as  a  true  gentleman.  He  was  a  remark- 
ably able  business  man,  having  far-sightedness,  wisdom,  and 
courage.  As  a  legislator  he  secured — as  he  merited  it — a  repu- 
tation for  ability,  dignity,  and  integrity. 

Professor  Hill  married  Miss  Alice  Hale,  of  Providence,  R.  I., 
a  member  of  a  remarkably  able  New  England  family,  and  a 
woman  of  superior  powers  and  great  sweetness  of  character. 
She  survives  him  with  three  children:  Crawford  Hill  (A.  B., 
Brown  University,  1885),  Miss  Isabel  Hill,  and  Mrs;  Gertrude 
(Hill)  Berger.  J.  H.  Appleton. 
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Analyse  feLECTROCHiMiQUE.  Par  Edgar  F.  Smith,  Professeur  de 
Chimie  a  PUniversitd  de  Pennsylvanie.  Traduction  par  Joseph  Ros- 
set,  Ing^nieur  civil  des  Mines.    Paris :  Gauthier-Villars.     1900. 

The  hearty  favor  with  which  this  excellent  little  work  was 
received  on  its  first  appearance  by  English-speaking  chemists, 
and  its  translation  into  the  two  languages  that  can  boast  of  more 
voluminous  electrochemical  literatures  than  the  English,  are 
doubtless  sources  of  much  gratification  to  its  author.  This 
French  version,  like  the  German  that  preceded  it,  is  a  clear  and 
faithful  translation  of  the  second  American  edition  of  1894.  It 
contains  a  few  changes  and  additions  such  as  the  separation  of 
some  of  the  platinum  metals,  analytical  results,  and  some  useful 
tables,  yet  these  are  hardly  of  suflScient  importance  to  justify  the 
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translator's  claim  ''c'est  done  en  quelque  sorte  une  Edition  origi- 
nale  paraissant  en  fran^ais  que  nous  pr6sentons."  As  a  fea- 
ture quite  unusual  in  French  books  of  this  kind,  we  note  that 
careful  attention  has  been  given  to  the  spelling  of  the  names  of 
foreign  authors.  H.  P.  Khli^br. 


ERRATUn. 

On  page  139,  line  10,  of  February,  1900,  issue,  for  the  formula 
**[(CHJ,NH],TeCl/'  substitute  **  [(CH,).NH],TeCl,." 


Vol.  XXII.  [July,  1900.]  No.  7. 


THE  JOURNAL 


OF  THE 


AMERICAN  CHEMICAL  SOCIETY. 


[Contributions  from  the  Sheffield  Laboratory  of  Yale  Univer- 
sity. ] 
ON  UREAIMIDO  ESTERS,  THIOUREAIHIDO  ESTERS,  ACYL- 
THIOUREAIMIDO  ESTERS,  AND  UREAAMIDINE5. 

[Preliminary  Paper.] 

By  Hbmry  L.  Whbbler  and  W.  Murray  Sandbrs. 

REPRESENTATIVES  of  new  classes  of  compounds,  isomeric 
or  metameric  with  the  acylpseudourea  ethers,  acyl- 
pseudothiourea  ethers  and  diacylpseudothiourea  ethers,  can  be 
prepared  by  combining  isocyanates,  mustard  oils,  and  acyl 
rhodanides  with  imido  esters.  The  imido  esters  immediately 
combine  with  phenyl  isocyanate,  at  ordinary  temperatures, 
giving  a  quantitative  yield  of  an  addition  product  as  follows: 

^NH  ..NCONHC.H, 

C.H.C^        +  CONC.H,  =  C.H.C^ 

^OR  ^OR 

This  class  of  compounds,  perhaps,  may  be  called  urea- 
imido  esters  or  carbamidimido  esters,  since  they  have  the  struc- 
ture of  imido  esters  and  ureas  ..combined.  They  are  extremely 
sensitive  towards  hydrogen  chloride  by  which  reagent,  just  as  the 
acylpseudourea  ethers*  (II)  they  are  readily  and  quantitatively 
converted  in  the  cold,  with  loss  of  alkyl  chloride,  into  acylureas. 

^  StieglitzandDains:  This  Journal,  ai,  136. 
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This  reaction  with  these  two  classes  of  compounds  proceeds  as 
follows : 

C«H.C=NC0NHC6H.  C,H.CON=C— NHC.H. 

\  \ 

OR  OR 

+HC1  —  RCl  -hHCl  —  RCl 

(I)  (11) 

— C.H.CONHCONHC.H.  ♦- 

It  will  be  noticed  that  the  imido  ester  grouping  in  the  difierent 
positions  in  these  isomers  are  affected  alike,  inasmuch  as  under 
similar  conditions  both  compounds  give  with  hydrogen  chloride 
the  same  derivative,  benzoylphenylurea.  The  ureaimido  esters 
(I)  readily  react  with  aniline,  at  the  temperature  of  the  steam- 
bath,  and  ureaamidines  are  formed  as  follows: 

^NCONHC.H.  ^NCONHC.H. 

C.H.C<  +  H,NC.H,  =  C,H.C<  +  ROH. 

^OR  ^NHC.H, 

(III) 

Whether  the  structure  shown  in  formula  (III)  or  the  tauto- 
meric form  is  to  be  assigned  to  these  amidines  must  be  decided 
later.     These  amidines  have  little  or  no  basic  properties. 

The  mustard  oils,  phenylmustard  oil  and  allyl  mustard  oil, 
react  less  energetically  than  phenyl  isocyanate  with  the  imido 
esters.  On  long  standing  or  on  warming,  the  mixtures  deposit 
crystals.  These  compounds,  for  which  the  name  thioureaimido 
esters  (IV)  is  proposed,  are  closely  similar  to  the  above  oxygen 
analogues,  since  with  hydrogen  chloride,  under  similar  con- 
ditions, they  readily  separate  alkyl  chloride  and  give  the  corre- 
sponding acylthio  ureas.  The  mechanism  of  the  reaction  is  as 
follows: 

.NCSNHC.H.  yNHCSNHCeH, 

C.K,C^  — C6H,C<— CI 

X)R  ^OR 

(IV) 

— C,H.CONHCSNHC,H, 
+  RC1 

The  isomeric  acylp'seudothiourea  ethers  and  the  diacylpseudo- 
thiourea  ethers  apparently  have  not  yet  been  prepared,  so  that 
a  comparison  of  the  behavior  of  these  compounds  with  the 
thioureaimido  ester  derivatives  must  be  deferred  to  a  later  date. 
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When  the  thioureaimido  esters  are  warmed  with  aniline,  and 
other  organic  bases,  thioureaimidines  are  formed.  Like  the  above 
ureaamidines  they  appear  to  have  no  basic  properties.  The  fact 
that  thev  are  not  soluble  in  alkali  affords  new  evidence  that  the 
double  union  of  the  imido  ester  grouping  confers  a  basic  nature 
to  the  molecules.  Here,  however,  it  is  neutralized  by  the  negative 
character  of  the  urea  group.  The  imido  esters  combine  with 
acetyl  and  benzoyl  thiocyanates  with  evolution  of  heat,  the  mix- 
tures readily  solidifying.  Acylthioureaimido  esters  (V)  are 
then  produced,  as  follows: 

^NH  ^NCSNH.COC.H. 

C.H.C^        +  CSN.COC.H.  =  C.H,C^ 

(V) 

These  compounds  are  formed  more  readily  than  the  above  and 
they  are  far  more  unstable  than  the  thioureaimido  esters.  When 
they  are  warmed  with  hydrochloric  acid  they  decompose  in  a 
different  manner  from  the  other  types  of  ureaimido  esters.  A 
monoacylthiourea,  and  not  a  diacyl  derivative,  is  obtained.  The 
decomposition  under  this  treatment  takes  place  at  the  double 
union  as  follows: 

^NCSNHCOCeH.  y.O 

C,H.C^  +  H,0  =  C.H.C(f       -h  H,NCSNHCOC.H. 

^OR  ^OR 

(VI) 

What  appears  to  be  the  nearest  known  analogue  to  a  metamer 
of  the  above  or  dibenzoylpseudothiourea  ether  is  the  ethyliso- 

<NCO.OC,H, 
,ofDains.*  This 
OC.H, 

compound  is  also  very  sensitive  towards  hydrogen  chloride ; 

however,  it  does  not  separate  at  the  double  union,  like  the  above, 

but  decomposes  with  the  evolution  of  ethyl  chloride,  giving  the 

diacylurea,    C.H.OCONHCONHCO.OC.H,.      The  ease    with 

which  the  ureaimido  esters  decompose  with  hydrochloric  acid, 

without   forming   a    stable    intermediate   addition   product  or 

**salt,"  recalls  the  perfectly  analogous  behavior  of  the  acylimido 

esters.'    In  the  case  of  the  latter,   the  above  two  reactions  with 

I  Loc.  cit. 

*  Wheeler,  Walden  and  Metcalf:  Am.  Chem.J,,  19, 139  and  jo,  64. 
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hydrogen  chloride  were  also  observed.  The  properties  of  the 
tireaimido  esters,  in  general,  approach  more  nearly  to  those  of 
the  acylimidoesters  than  to  those  of  other  types  of  imido  esters. 
When  the  acylthioureaimido  esters  are  treated  with  aniline, 
toluidine,  etc.,  acylthioureaamidines  (VII)  are  formed  in  the 
normal  manner.  These  compounds,  as  well  as  the  thioureaimido 
esters,  combine  with  alkyl  halides,  the  addition  probably  taking 
place  to  the  sulphur  as  shown  in  formula  (VIII). 

NCSNHCOC.H.  NCS— NHCOC.H, 

NHC.H,  R 

(VII)  (VIII) 

The  action  of  phenylhydrazine  on  the  acylthioureaimido 
esters  seemed  theoretically  promising  for  the  preparation  of 
triazole  derivatives;  but  it  appears,  from  preliminary  experi- 
ments, that,  although  hydrogen  sulphide  is  evolved  in  this 
treatment,  triazoles  do  not  result,  at  least  not  as  the  chief 
product.  The  hydrogen  sulphide,  first  formed,  decomposes  a 
part  of  the  ureaimido  ester,  giving  benzoylthiourea,  etc. 

Experiments  in  this  laboratory  by  Dr.  Bayard  Barnes  have 
shown  that  the  acylphenylthioureas  react  with  aniline  and 
phenylhydrazine  with  the  removal  of  the  acyl  group.  With 
phenylhydrazine  no  triazole  derivative  was  obtained.  Similar 
results  were  obtained  with  the  acylphenylurethanes,  acelyl- 
phenylurethane,  formylphenylurethane'  and  acetylphenylthio- 
urethane.  It  is  probable  that  other  diacylanilides  will  be  found 
to  act  similarly.  On  the  other  hand  those  acylurethanes  which 
do  not  contain  a  phenyl  group  such  as  acetylurethane,*  acetyl- 
and  benzoylthionurethane,  give  triazole  derivatives.  Dr. 
Barnes  has  also  found  that  carbethoxythionurethane  of  Delitsch' 
readily  reacts  with  phenylhydrazine  as  follows  : 

iC,H;o':CONHCiS7!OC.H.    ^    OC  —  NH  —  C.OC,H, 

\        m       \   \  I  II 

q"h"n"—  nI^«I  CeH.N        —        N 

(IX) 

That   the  compound  formed  in  this  reaction  is   i-phenyl-3- 

1  Wheeler  and  Metcalf  :  Am.  Chem.J.,  19,  217. 

8  Andreocci  :  Ber.  d.  chem.  Ges.,  aa,  R.  737 ;  Jbid.^  34,  R.,  203. 

•/•  prakt.  CAem.,  10,  118. 
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€thoxy-5-triazolon,  and  that  it  has  the  structure  represented  by 
formula  (IX),  is  shown  by  its  behavior,  on  boiling  with  strong 
hydrochloric  acid,  whereupon  it  is  converted  into  Pinner's' 
urazole,  (X)  : 

OC— NH— C.OC.H.  OC— NH— CO 

I  II  --II 

C.H,N      —     N  C.H.N      —      NH 

(X) 

The  process  which  in  general  serves  for  the  preparation  of 
simple  or  monosubstituted  ureas  and  thioureas,  and  which  con- 
sists of  treating  a  salt  of  an  amine  with  potassium  cyanate  or  thio- 
cyanate,  does  not  lead  to  the  formation  of  the  prototypes  of  the 
above  urea  derivatives,  when  applied  to  the  salts  of  the  imido 
-esters.  This  fact  seems  to  the  writer  to  be  a  strong  argument  in 
support  of  the  theory  of  Stieglitz  that  the  salts  of  the  imido 
asters  are  not  ammonium  derivatives,  but  that  they  are  derived 

/NH. 

from  the  form  RC — CI,  etc.    In  fact,  the  properties  of  the  cyanic 

\)R 

and  tbiocyanic  acid  salts  do  not  agree  with  those  which  would 
be  expected  for  salts  having  an  ammonium  structure.        ~- 

When  ice-cold  solutions  of  benzimidoisobutyl  ester  hydro- 
chloride and  potassium  cyanate,  in  molecular  proportions,  are 
mixed  together,  a  mass  of  well-crystallized,  colorless  prisms 
separate.  If  an  attempt  is  made  to  filter  these  at  ordinary 
temperature  they  rapidly  decompose,  giving  off  a  gas  (CO,?), 
and  completely  liquefying.  Owing  to  the  unstable  nature  of 
this  salt,  which  is  undoubtedly  a  cyanate,  it  was  not  examined 
further.  On  the  other  hand,  the  corresponding  thiocyanic  salt 
is  far  more  stable.  It  can  be  prepared,  at  ordinary  temperature, 
by  mixing  solutions  of  the  imido  ester  hydrochloride  with 
potassium  thiocyanate,  whereupon  a  bulky  mass  of  colorless 
prisms  or  needles  separate.  This  salt  has  the 'Structure  repre- 
sented by  formula  (XI),  and  all  attempts  to  rearrange  it  into 
the  metameric  thioureaimido  ester  (XII)  failed. 

1  Ber,  d.  chem.  Ges.y  ai,  1219. 
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yNH,  ^NCSNH, 

C,H.C— SCN  C.H.C 

(XI)  (XII) 

When  this  salt  is  warmed  in  aqueous  solution  it  dissolves,  but 
the  solution  almost  immediately  becomes  turbid  and  an  oU 
(isobutyl  benzoate)  separates.  On  evaporating  to  dryness 
nothing  but  ammonium  thiocyanate  is  obtained.  The  decom- 
position then  proceeds  as  follows  : 

/NH. 
C,H.C— SCN  +  H.0=  C,H.C.O.OC,H,+  NH.SCN. 
\0C,H. 

If  the  dry  salt  is  heated  above  its  melting-point  it  decomposes 
smoothly  as  follows : 

/NH, 

C,H.C— iSCN    I        -  C.H,CO.NH,    C.H.SCN. 

0|C,H.i 

It  will  be  noticed  that  these  reactions  are  analogous  in  every 
respect  to  those  of  the  hydrochloric  acid  salts  of  the  imido  esters. 

EXPERIMENTAI,  PART. 

>^NCONHC.H. 
Phenylureaimtdoisobutyl  Benzoate^     CeH»C^  .— 

Ndc.h, 

Phenyl  isocyanate  (3.4  grams)  and  benzimidoisobutyl  ester  (10 
grams)  combined  with  evolution  of  heat  and  the  mixture  solidi- 
fied to  a  white  mass.  When  this  was  crystallized  from  alcohol, 
colorless  prisms  were  obtained  which  melted  from  99^-100°.  A 
nitrogen  determination  gave : 

Calculated  for 
CitUsoNsOs.  Poaod. 

Nitrogen 9.4  9.1 

Action  with  Hydrogen  Chloride, — Some  of  the  above  material 
was  dissolved  in  benzene  and  the  solution  was  saturated  with 
hydrogen  chloride  whereupon  colorless  prisms  separated,  melting 
at  about  200®.  This  material  proved  to  be  Benzoylphenylurea, 
C.H.CONHCONHC.H.,  which  crystallized  from  alcohol  in  long 
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silky  needles,  and  on  boiling  it  with  sodium  hydroxide  it  gave 
phenylurea. 

The  extreme  sensitiveness  of  compounds  of  this  t3rpe  towards 
hydrochloric  acid  was  shown  by  the  fact  that  it  was  found  to  be 
impossible  to  isolate  ureaimido  esters  from  benzimidomethyl, 
ethyl,  and  phenylacetimidomethyl  esters  and  phenyl  isocyanate, 
if  the  latter  contained  phosphorus  oxy chloride.  Under  these 
conditions  the  benzimido  esters  gave  benzoylphenylurea^  while 
phenylacetimidomethyl  ester  gave  a  compound  very  difficultly 
soluble  in  alcohol.  It  crystallized  in  the  form  of  needles  and 
melted  at  i66^  and  a  nitrogen  determination  showed  that  it  was 
phenylacetylphenylurea,  CeH,CH.CONHCONHC,H. : 

Calculated  for 
C,»Hi4NaOt.  Pound. 

Nitrogen • ii.o  ii.o 

Action  with  Aniline. — Phenylureaimidoisobutyl  benzoate  (2 
grams)  and  aniline  (0.6  gram),  were  mixed  in  benzene  and 
warmed  on  the  water-bath  whereupon  a  substance  separated  in 
granular  crystals.  It  was  found  to  be  very  difficultly  soluble  in 
alcohol  (a  property  of  ureaamidines,  which  is  general  as  far  as 
we  have  observed,  and  on  boiling  with  alcohol  it  melted  from 
i79®-i8o''.  A  nitrogen  determination  agreed  with  the  figures 
calculated  for  benzenylphenylureaphenylamidine,  CgH^NH — (C, 
H,)C  =  NCONHCeH.. 

Calculated  for  Pound. 

C„H„N,0. 

Nitrogen 13.3  13.0 

This  amidine  is  insoluble  in  dilute  hydrochloric  acid  and  no 
hydrochloric  acid  salt  was  obtained  when  the  material  was  dis- 
solved in  benzene  and  saturated  with  hydrogen  chloride.  It 
is  insoluble  in  alkali. 

>^NCSNHCeH, 
Phenylthioureaimidomethyl  Benzoate^  CjH^C^  . — 

^OCH, 

Equal  quantities  of  benzimidomethyl  ester  and  phenyl  mustard 
oil  (5  grams  of  each)  were  mixed  and  kept  at  a  temperature  of 
about  6o**-7o''  for  two  days.  On  cooling,  then,  the  mixture 
solidified  almost  completely.  In  each  of  the  experiments  with 
phenyl  mustard  oil  and  the  imido  esters,  a  yellow  mixture  re- 
sulted although  the  ingredients  before  mixing  were  colorless. 
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On  crystallizing  from  alcohol  beautiful  colorless  or  cream- 
colored  lozenge-shaped  tables  were  obtained  which  melted 
sharply  at  132°.  The  material  is  readily  soluble  in  benzene  and 
hot  alcohol,  difficultly  in  cold  alcohol,  and  a  nitrogen  determina- 
tion gave : 

Calculated  for 
CiaHi4N,OS.  Found. 

Nitrogen iO-37  10.29 

When  this  compound  was  treated  with  cold  dilute  hydro- 
chloric acid,  in  which  it  is  insoluble,  little  or  no  action  was 
observed  after  two  days*  standing.  When  a  little  alcohol  was 
added  and  the  whole  was  warmed,  effervescence  took  place, 
methyl  chloride  was  evolved,  and,  on  cooling,  the  long  char- 
acteristic colorless  needles  of  benzoylphenylthiourea,  CgH.COXH- 
CSNHCgH.,  were  obtained,  melting  about  148°. 

Benzenyiphenylthiourea'P-anisylamidine^ 

>^NCSNHC,H, 
CeHjC^  . — Molecular    quantities    of    the     above 


\ 


NHC,H,OCH, 


imido  ester  and  /-anisidine  were  mixed  in  benzene  solution  and 
allowed  to  stand  at  a  temperature  of  about  70°  for  several  hours, 
whereupon  a  mass  of  plates  or  scales  separated.  This  material 
was  very  difficultly  soluble  in  alcohol  and  in  benzene.  When 
crystallized  from  these  solvents  and  from  amyl  acetate,  it  melted 
at  about  i8o®.  A  satisfactory  nitrogen  determination  was  not 
obtained,  undoubtedly  owing  to  the  fact  that  this  substance,  as 
well  as  the  corresponding  phenyl  and  naphthyl  amidines,  burn 
with  great  difficulty,  the  results  invariably  coming  low. 

Phenylthioureaimidoethyl   Benzoate^    C,H,C^  .— 

\OC.H. 

Benzimidoethylester    (5   grams)    and  phenyl  mustard  oil  (4.5 

grams)  gave  a  yellow  oil  directly  on  mixing.     After  two  days 

the  material  solidified  to  a  glistening  mass  of  flattened  prisms  or 

tables  and  on  crystallizing  from  alcohol  it  separated  in  the  form 

of  cream-colored  tables  and  it  melted  sharply  at  119**.     These 

thioureaimido  esters,    in   general,   show   a  great   tendency  to 

crystallize.     A  nitrogen  determination  gave  : 

Calculated  for 
C]«H,eN,OS.  Found. 

Nitrogen 9.8  9.7 
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When  treated  with  hydrochloric  acid  it  behaved  precisely  like 

the  methyl  ester  and  benzoylphenylthiourea  was  obtained. 

^NCSNHC.H, 
Phenylthioureaisobufyl  Benzoate,  C.H^C^  . — Benz- 


imidoisobutyl  ester  (5  grams)  and  phenyl  mustard  oil  (3.8 
grams)  behaved,  on  mixing  and  standing,  precisely  like  the 
above.  When  crystallized  from  alcohol  it  forms  large,  stout 
tables  and  it  melts  at  125**.     A  nitrogen  determination  gave  : 

Calculated  for 
CigHaoNaOS.  Found. 

Nitrogen 8.9  8.9 

When  this  was  treated  with  hydrochloric  acid  and  warmed, 
hemoylphenylihiourea  was  obtained. 

When  2  grams  of  this  imido  ester  were  warmed  on  the 
water-bath  with  aqueous-alcoholic  ammonia  for  a  number  of 
hours  and  then  allowed  to  cool,  colorless  crystals  separated 
melting  from  I5i°-i53°.  A  nitrogen  determination  gave  18.5 
per  cent.,  while  the  calculated  for  benzenylphenylthiourea 
amidine  is  27.0  per  cent.,  and  that  for  phenylthiourea  which 
melts  at  154**  is  18.4  per  cent.  The  material,  in  fact,  had  the 
bitter  taste  and  other  properties  of  phenylthiourea. 

When  this  thioureaimido  ester  was  treated  with  methyl  iodide 
a  varnish  was  obtained  which  crystallized  after  long  standing. 

Phenylthioureaisobutyl  benzoate  readily  reacts  with  phenyl 
hydrazine,  giving  off  hydrogen  sulphide  and  it  gives  a  compound 
which  crystallizes  in  plates  when  treated  with  benzoyl  chloride. 
These  reactions  will  receive  more  thorough  attention  later. 

Benzenylphenylthioureaphenylamidine^  CeH^C^  . — 

\NHCeH. 
The  above  imido  ester  (4  grams)  and  aniline  (i.i  grams)   after 

warming  on  the  water-bath  gave  off  only  a  trace  of  hydrogen 

sulphide.     The  product,  on  crystallizing  from  alcohol,  formed 

a  beautiful  mass  of  large  thin  plates.     They  melted  from  151**- 

152°  and  a  nitrogen  determination  gave : 

Calculated  for 
CsoHitN,S.  Pound. 

Nitrogen 12.6  12.0 

This  material  is  insoluble  in  cold  hydrochloric  acid,  concen- 
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trated  or  dilute.  On  warming,  it  dissolves,  but  on  cooling  it 
crystallizes  out  again  unaltered.  Platinum  chloride  precipitates 
a  curdy  yellow  mass  from  the  concentrated  hydrochloric  add 
solution. 

Benzenylphenylthiourea-fi'naphthylamidine^ 
CeHjC/^  . — The  above  imido  ester  readily  reacts 

\nhc,,h, 

with  y^-naphthylamine,  giving  a  compound  that  crystallizes  in 

minute  plates  and  which  is  extremely  insoluble  in  the  ordinary 

organic  solvents ;  when  crystallized  from  alcohol  and  amyl  acetate 

it  melted,  not  sharply,  from  182^-183*.   The  material  burned  very 

slowly   and   a  satisfactory    nitrogen    determination    was    not 

obtained,  the  calulated  being  ii.o  per  cent,  while  lo.o  was  found. 

^NCSNHCOCH, 
Acetylthioureaimidoisobutyl  Benzoate^  CeH,C^ 

X)C,H, 

— Benzimidoisobutyl  ester  and  acetyl  thiocyanate  combine  with 

evolution   of  considerable  heat   and,  on  cooling,  the  mixture 

completely  solidifies,  whereupon,  on  crystallizing  from  alcohol, 

colorless  needles  are  obtained  which  melt  from  125**-!  26*.    A 

nitrogen  determination  gave : 

Calculated  for 
Ci4H|8NaO,S.  Found 

Nitrogen lo.o  9.9 

When  this  imido  ester  was  treated  in  alcoholic  solution  with 
hydrogen  chloride  a  compound  was  obtained  melting  at  166^  and 
which  had  all  the  properties  of  acetylthiourea,  CH.CONHCSNH,. 

With  phenylhydrazine  it  evolves  hydrogen  sulphide,  and  on 
crystallizing  the  product  from  alcohol  acetylthiourea  separates. 

Benzoylthioureaimidoethyl  Benzoate^  CgH^C/^ 

\0C.H. 

— When  benzimidoethyl  ester  (6.1  grams)  was  mixed  with  5.6 
grams  of  benzoyl  sulphocyanate  the  mixture  completely  solidi- 
fied. On  cr>'stallizing  from  alcohol,  needles  were  obtained  which 
melted  from  I3i°-i32°,  and  on  analysis  the  following  result 
was  obtained  : 

Calculated  for 

CivHieNsOtS.  Pound. 

Nitrogen 8.9  8.8 


ON  UREAIMIDO  ESTERS,   ETC.  375 

When  this  imido  ester  was  wanned  with  phenylhydrazine  the 

only  crystalline  material  obtained  was  benzqylthiourea, 

^NCSNHCOC.H, 
Benzoylthioureaimidoisobutyl  Benzoate,  C,H  ^C^ 

\0C.H. 

— When  benzimidoisobtttyl  ester  ( lo  grams)  and  benzoyl  sulpho- 

cyanate    (7.4  grams)   were    mixed,    considerable    heat    was 

evolved  and  the  mass  solidified.     When  this  was  crystallized 

from  alcohol,  colorless  needles,  melting  at  120,''  were  obtained. 

A  nitrogen  determination  gave : 

Calculated  for 
Ci«HmNsO,S.  Pound. 

Nitrogen 8.2  8.4 

When  this  imido  ester  was  treated  with  hydrogen  chloride  in 
benzene  solution,  benzoylthiaurea,  melting  at  169**-!  70°  was 
obtained.  Apparently  this  same  compound  was  obtained  when 
the  ester  was  treated  with  ammonia,  phenylhydrazine  and  with 
benzoyl  chloride.  These  results  show  the  great  tendency  this 
ester  has  to  separate  at  the  double  bond. 

Benzoylthiaureaimidoisobutyl  Benzoate  Methyl  Iodide  ^ 
^CSNHCOC,H, 

C«H,C      ^jj^   J  .—The  above  imido  ester  and  methyl 

iodide  combine  in  benzene  solution  to  form  a  compound  con- 
taining iodine  and  which  crystallizes  from  alcohol  in  well- 
developed,  colorless  prisms  melting  from  204''-205.°  A  nitrogen 
determination  gave : 

Calculated  for 

CsoHssNfOtSI.  Found. 

Nitrogen 5.7  5.7 

^NCSNHCOC.H. 
Benzenylbenzoylthiaureaphenylamidine^  C^H^C^ 

^NHC.H. 

— When  molecular  proportions  of  the  above  imido  ester  and  aniline 

were  heated  in  benzene  solution  a  substance  was  obtained  which 

crystallized  in  colorless  prisms  and  which  melted  from  145^-146*'. 

A  nitrogen  determination  gave : 

Calculated  for 

CaiHjtNsOS.  Pound. 

Nitrogen 11. 6  11.2 
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No  hydrochloric  acid  salt  was  obtained  when  this  amidine 
was  treated  with  hydrogen  chloride. 

Benzenylbenzoylthioureaorthotolylamidine^ 

^NCSNHCOC.H, 
CjHjC^  . — This  compound    was  obtained  on 

^NHCeH.CH, 
fusing  the  imido  ester  with  ortho  toluidine.     It  crystallized  from 

alcohol  in  colorless  prisms  which  melted  from  1 16*^-117°  and  a 

nitrogen  determination  gave : 

Calculated  for 
CssHjgNsOS.  Found. 

Nitrogen 11.2  10.8 

Beyizoylthioureaimidomethylphenyl  Acetate^ 

C.HjCHjC^  . — When   phenylacetimidomethyl 

^OCH, 
ester  (5.6  g^ams)  was  treated  with  benzoylthiocyanate  (5 grams), 

the  mixture  solidified   immediately.     It  was  crystallized  from 

alcohol  and  obtained  in  the  form   of  colorless  needles  melting 

from  ii6°-ii7°.     A  nitrogen  determination  gave  : 

Calculated  for 
CiTHjeNaO-jS.  Found. 

Nitrogen 8.9  9.3 

When  this  imido  ester  was  treated  with  phenylhydrazine, 
hydrogen  sulphide  was  evolved  but  the  product,  on  crystallizing 
from  alcohol,  was  neither  an  amidine  or  a  triazole.  It  contained 
15.4  per  cent,  of  nitrogen  while  the  calculated  for  benzoylikiourea 
is  15.5  per  cent.  It  agreed  in  all  its  properties  with  the  acyl- 
thiourea. 

Benzoylthioureaimidoethylphenyl  Acetate, 

CjHjCHjCc'^  ,    was     prepared    from    phenyl- 

X)C.H. 

acetimidoethyl    ester.     It  forms  colorless  needles  from  alcohol 

which   melt   from    140°-! 41"*.     When    treated  with   hydrogen 

chloride  in  alcoholic  solution  it  gave  small  prismatic  crystals, 

melting  from   169**-!  70**,  and  a   nitrogen  determination  agreed 

with  the  calculated  for  benzoylthiourea  : 

Calculated  for 

CgHsNfSO.  Found. 

Nitrogen 15.5  15.6 
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The  Thiocyanic  Acid  Salt  of  Benzimidoisobutyl  Ester ^ 

CgH.C — SCN  ,  is  readily  formed  on  mixing  aqueous  solutions 

N)C,H. 
of  the   imido  ester  hydrochloride  and   potassium  cyanate.     It 

then  separates  as  a  mass  of  colorless  needles  or  prisms  which 

are  quite  difficultly  soluble  in  water.     It  melts  at  about  130*'.    A 

portion  dried  in  a  desiccator  over  calcium  chloride  and  then  for 

a  few  minutes  at  6o°-7o°  gave  the  following  results  on  analysis : 

Calculated  for 

Cj«H,eN,SO.  Pound. 

Nitrogen 11.8  11.9 

Its  reaction  with  iron  chloride  and  with  alkali  showed  that 
this  material  was  a  salt  of  the  imido  ester  and  not  the  isomeric 
thioureaimidoisobutyl  benzoate.  It  decomposes  on  warming 
with  water  smoothly  into  ammonium  thiocyanate  and  isobutyl 
benzoate  and  when  heated  above  its  melting-point  it  gives  benz- 
amide  and  isobutyl  thiocyanate. 

EXPERIMENTS  BY  BAYARD  BARNES. 

Carbethoxythiancarbamic  Ester,  C,H,OCONHCS.OC,H..— This 
was  prepared  according  to  the  directions  of  Delitsch  ;*  when  puri- 
fied by  means  of  its  potassium  salt,  it  was  found  to  boil  unaltered 
at  135°  at  13  mm.  pressure.     It  melts  at  44°. 

OC— NH-C.OC,H, 

i-Phenyl'^'ethoxy-g-triazoloney  CjH^N — N,was  obtained  when 
the  above  carbamic  ester  (15  grams)  was  heated  with  phenyl- 
hydrazine  (9  grams)  on  the  steam-bath.  After  the  evolution 
of  hydrogen  sulphide  and  alcohol  had  ceased,  the  material 
was  crystallized  from  hot  water,  whereupon  colorless  needles, 
•  melting  from  i50*'-i5i®,  were  obtained.  This  material  was 
soluble  in  alkali  and  was  precipitated  unaltered  by  acids.  It 
contained  no  sulphur  and  on  analysis  the  following  results  were 
obtained : 

Calculated  for 
CjoHjiNsOs.  Found. 

Carbon 585  58.9 

Hydrogen 5.2  5.3 

Nitrogen , 20.5  20.4 

^J.prakl.  Chem.,  10, 118. 
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When  this  compound  was  boiled  for  some  time  with  concen- 
trated hydrochloric  acid  and  alcohol,  colorless  plates  weie 
obtained,  which  melted  at  263^,  showing  signs  of  melting  at  255°. 
For  purposes  of  comparison  Pinner's*  urazole  was  prepared 
and  it  was  found  to  be  identical  with  the  above. 

Acetylphenylurethane,  CH,CO(CfiH,)NCO.OC.H,.— Ten  grams 
of  phenylurethane  were  boiled  with  an  equal  weight  of  acetic 
anhydride  for  several  hours  whereupon,  on  pouring  into 
water,  unaltered  urethane  was  obtained.  Acetyl  chloride  was 
then  added  and  boiled  for  about  one  hour.  Then  about  one- 
half  of  the  solution  was  distilled  off  at  ordinary  pressure  and  the 
remainder  at  10  mm.  pressure  whereupon  the  material  practically 
all  boiled  from  142^-143°.  It  was  thus  obtained  as  a  colorless 
oil  which,  like  formylphenylurethane,  refused  to  solidify  on 
cooling.     A  nitrogen  determination  gave  : 

Calculated  for 
CiiHisNOa.  Found, 

Nitrogen 6.7  7.3 

When  this  compound  was  gently  warmed  with  phenyl- 
hydrazine  and  the  product  was  crystallized  from  benzene,  color- 
less plates,  melting  at  128**,  were  obtained.  The  following 
nitrogen  determination  showed  that  this  material  was  not  a 
triazole  derivative  but*  rather  cuetylphenylhydrazine  : 

Calculated  for 

CadioNtO.  Pouud. 

Nitrogen 18.6  18.0 

The  action  of  phenylhydrazine  on  Hugershoff's*  (ueiyl 
phtnylthiocarbamide,  CH.CONHCSNHCeH.,  melting  at  139°,  al- 
though some  hydrogen  sulphide  was  evolved,  did  not  lead  to 
the  formation  of  a  triazole  derivative,  at  least  not  as  the  chiei 
product.  The  material  that  separated,  on  crystallizing  from 
alcohol,  formed  large,  four-sided  plates  melting  at  153°  and 
having  all  the  properties  of  phenylihiaurea.  In  other  words  the 
action  of  phenylhydrazine,  in  this  case,  removes  the  acetyl 
group. 

New  Havbn,  Conn.,  May  29,  1900. 

I  Loc.  cit. 

a  Ber,  d.  chem.  Ges.,  3a,  3658. 
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Frankfurt*  has  estimated  the  proportion  of  various  constit- 
uents of  the  embryo  of  wheat  and  found  globulin,  21.62  per 
cent.,  and  albumose,  13.62  per  cent. 

O'Brien'  states  that  the  proteids  of  wheat  germs  consist  of 
globulins  of  the  myosin-type,  coagulating  at  55°,  soluble  in 
dilute  solutions  of  sodium  chloride  or  magnesium  sulphate  and 
precipitated  by  excess  of  these  salts ;  globulins  of  the  vitellin 
type,  coagulating  at  ys^-yS**  and  soluble  in  dilute  solution  of 
sodium  chloride,  but  not  precipitated  by  an  excess ;  proteose  ; 
and  albumin  not  coagulating  below  80°,  soluble  in  sodium  chloride 
solution,  not  precipitated  by  an  excess,  nor  by  dialysis,  nor  by 
carbonic  acid. 

As  neither  of  these  investigators  has  given  more  than  a  super- 
ficial account  of  the  protein*  substances  found  by  him  in,  the 
embryo  of  wheat,  we  determined  to  investigate  this  subject,  in 
order  to  learn  definitely  which  of  the  proteins  contained  in  the 
wheat  kernel  are  predominant  in  the  embryo,  and  whether  there 
is  any  special  difference  in  character  between  the  proteins  of 
the  more  physiologically  active  germ  and  those  of  the  dormant 
endosperm. 

As  a  result  of  this  investigation  we  have  found  that,  of  the 
proteids  described  by  one  of  us^  as  constituents  of  the  wheat 
kernel,  the  albumin  (leucosin),  the  globulin,  and  the  proteose, 
which  in  the  whole  seed  are  present  in  small  proportions, 
together  constitute  a  large  part  of  the  embryo,  and  further,  that 
gliadin  and  glutenin,  the  principal  proteid  constituents  of  the 
endosperm,  are  not  present  in  the  embryo. 

1  Prom  advance  sheets  of  the  Report  of  the  Connecticut  Agricultural  Experiment 
station  for  1899,  communicated  by  the  authors. 

3  Versuchs-Stationeny  47,  449. 

»  Annals  tif  Botany,  9,  543. 

*  In  this  paper  the  term  protein  denotes  the  basic  molecules  which,  combined  with 
simple  acids,  form  the  "  simple  proteids,"  and  combined  with  other  more  complex 
groups,  form  the  "compound  proteids"  (Hammarsten,  "Text-book of  Physiology,"  trans- 
lated by  Mandel,  third  edition  (1900.)  The  term  proteid  in  this  paper  includes  both 
of  these  groups  of  protein  compounds. 

6  Osborne  and  Voorhees  x  Am.  Oiem.J,,  15;  392  (1893). 
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Although  the  globulin  and  leucosin  obtained  from  the  whole 
seed  were  free  from  phosphorus,  all  of  our  preparations  of  the 
globulin,  and  many  of  those  of  the  albumin,  from  the  embryo 
contained  various  yet  considerable  quantities  of  this  element, 
and  when  digested  with  pepsin,  yielded  insoluble  products 
having  the  characteristics  of  nudein.  The  elementary  com- 
position of  those  preparations  of  the  embryo-albumin  which  con- 
tained no  phosphorus,  or  only  traces,  was  the  same  as  that  of 
leucosin  prepared  from  the  whole  seed,  while  the  composition 
of  those  embryo-albumin  preparations  which  contained  phos- 
phorus differed  from  that  of  leucosin  in  proportion  to  the 
phosphorus  present. 

Analyses  of  different  preparations  of  embryo- globulin  showed 
no  agreement,  even  when  corrected  for  ash. 

These  facts  led  us  to  examine  our  extracts  for  nucleic  acid, 
and  having  found  this  acid  and  determined  its  composition,  it 
was  seen  that  the  differences  just  alluded  to  disappear  if  we 
assume  the  phosphorus  to  be  present  as  nucleic  acid  and  calcu- 
late the  analyses  free  from  this  acid  and  from  ash. 

In  a  paper  recently  published  by  one  of  us  on  **  Some  Definite 
Compounds  of  Protein  Bodies  "*  it  was  shown  that  many,  if  not 
most  preparations  of  so-called  native  proteids  are,  in  fact,  com- 
pounds of  protein  bodies  with  acids,  and  it  was  suggested  that 
nucleoalbumins  might  prove  to  be  similar  phosphoric  acid 
compounds. 

In  that  paper  it  was  also  shown  that  the  crystallized  globulin, 
edestin,  obtained  from  hemp-seed,  forms  a  compound  with  one, 
and  another  compound  with  two  molecules  of  hydrochloric  acid, 
both  of  which  are  crystalline,  and  that  the  preparations  of  this 
globulin  as  commonly  obtained  are  mixtures  of  these  in  vari- 
ous proportions.  It  was  also  shown  that  the  protein  molecule 
can  combine  with  more  than  two  molecules  of  acid,  so  that 
several  multiple  compounds  of  one  acid  with  the  same  protein 
molecule  can  undoubtedly  exist. 

That  our  preparations  from  the  wheat-embryo  are  mixtures 
of  two  or  more  compounds  is  shown  by  the  variable  proportions 
of  phosphorus  which  they  contain.  That  phosphorus  is  a  chief 
factor  in  determining  the  proportion  of  nuclein  that  separates 

}  This  Journal,  ax,  486. 
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during  pepsin  digestion  is  shown  by  the  fact  that  the  amount  of 
nuclein  found  is  always  in  close  relation  to  the  amount  of 
phosphorus  contained  in  the  preparation. 

That  the  preparations  are  not  mixtures  of  already  formed 
nuclein  with  ordinary  proteid  matter  is  shown  by  the  difference 
in  solubility  and  behavior  of  the  original  preparation  from  that 
of  the  nuclein  derived  from  it. 

It  would  seem,  then,  that  the  nuclein  obtained  by  pepsin 
digestion  is  not  an  original  constituent  of  the  extract  nor  of  the 
cells  of  the  embryo^  but  results  through  combination  of  several 
molecules  of  nucleic  acid  with  one  of  protein. 

Accordingly  we  conclude  that  these  phosphorus-containing 
preparations  from  the  wheat  embryo  are  mixtures  of  different 
protein  nucleates  and  that  when  subjected  to  pepsin  digestion, 
in  consequence  of  the  conversion  of  a  part  of  the  protein  sub- 
stance into  proteose,  the  proportion  of  nucleic  acid  to  unaltered 
protein  is  increased,  so  that  higher  acid  nucleates  are  formed 
which  are  insoluble  in  the  digestive  fluid. 

The  grounds  for  these  conclusions  are  given  in  the  following 
detailed  account  of  our  investigation. 

The  material  at  our  command  consisted  of  a  quantity  of  wheat 
germs,  a  specially  prepared  product  of  the  Pillsbury  Mills,  from 
which  the  bran  and  endosperm  had  been  thoroughly  removed, 
which  was  kindly  procured  for  us  by  Mr.  David  Chidlow,  of 
Chicago. 

The  germ  meal,  which  was  prepared  and  sent  to  us  in  cold 
weather,  was  immediately  extracted  with  petroleum  naphtha 
and  ground  to  a  flour. 

I.  The  Nucleic  Acid  of  the  Wheat  Bmbryo. 

We  shall  later  show  that  the  precipitate  produced  by  satura- 
ting the  slightly  acid  aqueous  extract  of  this  wheat-embryo  meal 
with  sodium  chloride  contains  almost  all  the  phosphorus  of  the 
extract.  We  accordingly  extracted  a  large  quantity  of  the  meal 
with  water,  saturated  the  extract  with  sodium  chloride  and  sub- 
jected the  precipitate  to  a  vigorous  pepsin  digestion.  We  thus 
obtained  a  considerable  quantity  of  nuclein  from  which  we 
prepared  nucleic  acid  in  the  following  manner : 

The  nuclein  was  thoroughly  washed  with  water  and  then 
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dilute  potash  solution  was  added  until  all  the  nuclein  had  dis- 
solved and  its  solution  become  faintly  alkaline  to  phenol- 
phthalein. 

This  solution  was  cautiously  treated  with  dilute  hydrochloric 
acid  until  a  precipitate  was  formed,  which  separated  readily 
from  the  solution.  This  was  filtered  out  and  the  clear  filtrate 
found  to  yield  no  precipitate  on  adding  a  little  more  acid.  A 
considerable  quantity  of  strong  hydrochloric  acid  was  then 
added,  causing  a  precipitate  of  nucleic  acid,  which  separated  in 
large  flocks  that  rapidly  settled  to  a  coherent  layer.  The  deposit 
continued  to  contract  and  soon  became  so  dense  and  brittle  that 
it  could  be  ground  to  a  powder  even  under  water.  The  solution 
was  decanted,  the  sediment  was  thoroughly  washed,  redissolved 
with  alkali  and  again  thrown  down  by  adding  acid.  Since  this 
last  precipitate  still  contained  much  coloring-matter,  it  was 
again  dissolved  with  alkali  and  the  solution  poured  into  alcohol. 
This  retained  the  basic  coloring-matter  and  threw  down  a  volu- 
minous precipitate  of  potassium  nucleate,  which  was  thoroughly 
washed  with  large  quantities  of  alcohol,  dried  to  remove  the 
alcohol  and  then  dissolved  in  water  and  the  nucleic  acid  repre- 
cipitated  by  an  excess  of  hydrochloric  acid.  Since  all  the  color- 
ing-matter had  not  been  removed  by  the  preceding  treatment, 
the  precipitate  was  twice  dissolved  in  alkali  and  precipitated  by 
pouring  into  a  large  volume  of  alcohol.  The  nucleic  acid  was 
then  thrown  down  by  gradually  adding  dilute  hydrochloric  acid 
to  the  solution  of  the  potash  salt ;  after  thoroughly  washing  the 
precipitated  acid  with  water  and  with  alcohol  it  was  dried  over 
sulphuric  acid  and  found  to  weigh  10.14  grams. 

After  drying  to  constant  weight  in  hydrogen  at  100°,  its 
weight  remained  unchanged  on  further  heating  at  1 10®  in  air. 
When  thus  dried  it  had  the  following  composition  : 

I.  II. 

Carbon 36.18  36.31 

Hydrogen 4.48  4.42 

Nitrogen 16.03  ifi.\o 

Phosphorus 8.95  8.86 

Ash 3.52  ..•• 

PjOjin  ash 2.88 

Difference 0.64  •  •  •  • 

The  ash  consisted,  chiefly  if  not  wholly,  of  potassium  meta- 
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phosphate  and  therefore  by  subtracting  from  it  the  phosphorus 
pentoxide  which  it  contained,  we  obtain  the  amount  of  inorganic 
base  which  had  been  precipitated  as  an  acid  salt  together  with 
the  free  nucleic  acid.  Calculating  our  analyses  free  from  this 
base,  we  have  the  following  figures  : 

Composition  of  Nucleic  Acid. 

Calculated  for 
CsiHsiNgPaOiB,  Found. 

Carbon 36. 16  36.48 

Hydrogen 4.45  4.48 

Nitrogen 16.01  16.17 

Phosphorus' 8.89  8.96 

Oxygen 34.49  33.91 


100.00  100.00 

About  2  grams  of  this  preparation  were  hydrolyzed  by  heat- 
ing for  an  hour  and  a  half  in  a  boiling  water-bath  with  2  per 
cent,  hydrochloric  acid. 

On  adding  ammonia  to  this  solution,  a  precipitate  soon  sep- 
arated which  was  digested  on  the  water-bath  with  an  excess  of 
ammonia,  filtered  out,  washed,  dried  over  sulphuric  acid,  and 
found  to  weigh  0.27  gram. 

This  substance  gave  the  murexide  reaction  and  was  insoluble 
in  hot  ammonia,  both  of  which  properties  are  characteristic  of 
guanin.     On  analysis  this  crude  guanin  was  found  to  contain : 

Calculated  for 
g^uanin  CgHsr^^O.  Found. 

Carbon 39.74  40.96 

Hydrogen 3.31  3.67 

Nitrogen 46.36  45.21 

Oxygen 10.59  lo-  ^6 


100.00  100.00 


The  solution  filtered  from  the  guanin  was  precipitated  by  cold 
ammoniacal  silver  nitrate  and  the  voluminous,  gelatinous  pre- 
cipitate washed,  pressed  on  filter-paper,  suspended  in  water,  and 
decomposed  by  hydrochloric  acid.  The  solution  containing  the 
hydrochloride  of  another  base,  was  repeatedly  evaporated  with 
water  to  decompose  the  chloride  and  the  free  base  found  to  weigh 
0.2272  gram.  This  was  again  dissolved  in  water  and  the  silver 
salt  precipitated  from  a  boiling  solution,  the  silver  compound 
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was  decomposed  with  hydrochloric  acid,  and  the  solution  of  the 
hydrochloride  was  evaporated  and  crystallized. 

The  substance  separated  wholly  in  four-sided  prisms,  most 
of  which  were  truncated  by  planes  at  right  angles. 

This  hydrochloride  was  then  converted  into  the  picrate  by 
dissolving  in  water,  adding  a  little  ammonia,  evaporating  to 
dryness,  dissolving  in  about  100  cc.  of  water,  and  precipitating 
with  a  I .  I  per  cent,  solution  of  picric  acid  added  cautiously. 
The  very  voluminous  yellow  precipitate  was  quickly  filtered  out 
with  the  help  of  a  pump,  washed  thoroughly  with  water,  and 
dried  over  sulphuric  acid.  We  thus  obtained  p.3766  gram  of  a 
picrate,  which  lost  nothing  on  drying  at  no®  and  had  the  follow- 
ing composition : 

Calculated  for  adenin 
picrate,  C}  J  HgNgOf.  Pound. 

Carbon 36.27  36.07 

Hydrogen 2.19  a.51 

Nitrogen 30-77  30.28 

Oxygen 30.77  31.14 

100.00  100.00 

From  the  behavior  of  this  base  and  the  composition  of  its 
picrate,  it  is  evidently  adenin.  Since  this  acid  yields  on  hydrol- 
ysis the  purin  bases,  guanin  and  adenin,  as  well  as  phosphoric 
acid,  there  can  be  no  doubt  that  it  is  a  true  nucleic  acid  closely 
related  to  the  guanylic  acid  recently  described  by  Bang.'  The 
facts  that  we  obtained  these  two  bases  from  the  nucleic  acid  in 
nearly  molecular  proportion  and  that  almost  all  the  nitrogen  of 
the  acid  was  recovered  in  the  guanin  and  adenin  separated  from 
it,  lead  us  to  believe  that  both  these  bases  exist  together  in  the 
acid  molecule.  If  such  is  the  case,  our  formula  already  given 
must  be  multiplied  by  2.5,  making  it  C„H„N„PjO„.  This 
formula  resembles  that  of  guanylic  acid,  which,  calculated  to  the 
same  basis,  is  C„H,jN„P^O„.  The  two  acids  are  different,  since 
Bang^s  guanylic  acid  yields  a  pentose  on  hydrolysis,  whereas  we 
have  obtained  no  evidence  that  any  sugar  can  be  derived  from 
our  acid.  As  we  are  at  present  engaged  in  a  study  of  the 
reactions  and  constitution  of  this  acid,  we  will  reserve  further 
statements  respecting  it  for  a  future  paper,  which  we  expect  to 
be  able  to  publish  soon. 

"^  Ztschr,  phys.  Chem.,  a6,  133. 
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II.  The  Proteids  of  the  Wheat  Embryo. 
THE   AQCJEOUS  EXTRACT. 

The  germ  flour,  described  on  page  381,  when  treated  with 
water,  yields  a  gummy  mass  from  which  a  clear  extract  is  secured 
with  difficulty.  From  500  grams  of  meal  an  extract  was  obtained 
with  2,000  cc.  of  water,  of  which  1,400  cc.  could  be  filtered 
clear.  This  extract  was  neutral  to  litmus,  alkaline  to  lacmoid, 
and  so  acid  to  phenolphthalein  that  19  cc.  of  decinormal  alkali 
were  required  to  neutralize  100  cc.  of  it  to  this  indicator. 

When  a  freshly  prepared,  dilute,  aqueous  extract  of  the 
recently  ground  wheat  germs  is  heated  in  a  water-bath,  no  coag- 
ulation occurs,  the  solution  becoming  slightly  opalescent.  If  a 
more  concentrated  extract,  such  as  may  be  obtained  by  treating 
I  part  of  meal  with  5  parts  of  water  is  thus  heated,  the 
entire  solution  solidifies  to  a  firm,  opaque  jelly,  free  from  visible 
particles.  If  to  either  of  these  solutions  a  very  little  hydro- 
chloric acid  is  added  before  heating,  an  abundant  flocculent 
coagulum  separates  on  heating. 

After  standing  awhile,  the  aqueous  extract  becomes  gradually 
acid  to  limus,  so  that  when  heated  slowly  it  becomes  turbid  at 
about  50°  and  a  large  flocculent  coagulum  separates  at  55°, 
Heated  to  65*'  for  some  time  and  filtered,  a  second  coagulum  may 
be  obtained  on  raising  the  heat  from  65°  to  loo''.  The  amount 
of  this  second  coagulum  is  about  one-third  that  of  the  first. 

The  coagulated  proteid  is  dissolved  by  0.5  percent,  potassium 
hydroxide  solution,  but  not  perceptibly  by  0.4  per  cent,  hydro- 
chloric acid  solution,  unless  the  latter  is  heated,  when  a  .clear 
transparent  jelly  is  formed. 

Freed  from  coagulable  protein,  the  aqueous  extract  still  con- 
tains a  relatively  large  amount  of  substance  which  has  the 
reactions  of  proteose. 

When  the  concentrated  aqueous  extract  is  poured  into  a  large 
volume  of  distilled  water,  a  turbidity  forms  at  first,  which 
mostly  disappears  after  shaking,  indicating  the  absence  of  a 
notable  quantity  of  globulin  held  in  solution  by  the  salts  dis- 
solved from  the  meal. 

Saturation  of  the  extracts  with  sodium  chloride  gives  a  con- 
siderable precipitate,  only  a  small  part  of  which  can  be  redis- 
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solved  in  dilute  salt  solution.  When  this  dissolved  part  is 
precipitated  by  again  saturating  with  salt,  it  also  is  converted, 
to  a  large  extent,  into  an  insoluble  form ;  the  part  still  remaining 
in  solution  is,  like  a  globulin,  precipitated  by  dialysis. 

When  the  solution  saturated  with  sodium  chloride  is  filtered, 
and  the  diluted  filtrate  saturated  with  ammonium  sulphate,  a 
part  of  the  precipitate  produced,  when  redissolved  in  water,  is 
thrown  out  of  solution  by  saturating  with  sodium  chloride, 
though  before  precipitation  with  ammonium  sulphate  it  dissolved 
in  saturated  sodium  chloride  solution. 

These  reactions  show  that  changes  occur  which  involve  the 
albumin  coagulating  at  55°,  for  after  freeing  the  extract  from  all 
protein  precipitable  by  saturating  with  salt  or  by  dialysis,  there 
remains  in  solution  only  a  small  proportion  of  this  albumin. 

Thus,  an  aqueous  extract  corresponding  to  666  grams  of  germ 
meal,  when  heated  to  65°,  yielded  62  grams  of  coagulum,  or 
9.3  per  cent.;  a  similar  extract  on  dialysis  deposited  9.2  per 
cent.,  only  0.87  per  cent,  of  coagulable  and  2.0  per  cent,  of 
uncoagulable  protein  remaining  in  solution.  The  precipitate, 
produced  by  dialysis,  was  but  slightly  soluble  in  salt  solution, 
having  become  largely  coagulated.  From  these  facts  it  is  clear 
that  one  and  the  same  protein  substance  gives  rise  to  these 
apparently  different  protein  bodies,  and  consequently  the  sub- 
stance which  O'Brien  considered  to  be  a  globulin  of  the  myosin 
type  and  an  albumin,  coagulating  at  8a°,  are  in  fact  derivatives 
of  the  same  protein  substance . 

The  cause  of  these  changes  was  not  determined,  though  it 
seems  most  probable  that  they  are  the  result  of  a  slow  develop- 
ment of  acid  in  the  extract,  which,  by  uniting  to  the  protein  in 
increasing  proportions,  forms  chemically  different  substances. 
Such  a  development  of  acid  takes  place  rapidly  in  muscle 
plasma,  under  the  influence  of  which  quite  similar  changes  in 
the  proteins  there  present  can  be  observed. 

Why  Frankfurt  overlooked  albumin,  present  in  such  large 
proportion  in  the  aqueous  extract,  is  not  easily  understood, 
unless,  before  heating  his  solutions,  he  either  added  no  acid  or 
too  much,  so  that  he  converted  this  substance  into  an  uncos^- 
ulable  acid  compound. 

Hydrochloric  acid  added  to  the  extract  in  very  small  quantity 
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causes  a  flocculent  coagulum  to  separate  on  heating,  while  a 
slightly  larger  quantity,  added  before  heating,  entirely  prevents 
the  formation  of  this  coagulum.  Acetic  acid  and  nitric  acid 
give  precipitates  in  the  extracts  which  are  not  soluble  in  a 
reasonable  excess  of  either  of  these  acids. 

In  order  to  determine  definitely  the  relations  of  these  variously 
obtained  substances,  we  have  made  a  large  number  of  fractional 
precipitations  under  quite  different  conditions,  an  account  of 
which  we  now  give : 

An  extract  was  made  by  treating  700  grams  of  germ  meal 
with  seven  times  its  weight  of  water,  straining  through  bolting- 
cloth  and  filtering  the  liquid  perfectly  clear.  This  was  slightly 
colored,  perfectly  neutral  to  litmus,  alkaline  to  lacmoid,  and 
strongly  acid  tophenolphthalein.  A  portion  of  it  was  at  once 
heated  for  one  hour  in  a  water-bath  at  60°,  and  the  large 
coagulum  produced  was  filtered  out,  washed  thoroughly  with 
hot  water  and  with  alcohol  and  dried  over  sulphuric  acid,  giving  • 
24  grams  of  preparation  i. 

Another  preparation  was  made  by  heating  in  a  water-bath  at 
65",  2,000  cc.  of  a  clear  aqueous  extract,  obtained  by  treating 
3,000  grams  of  the  germ  meal  with  9,000  cc.  of  water.  The 
coagulum  produced,  when  washed  with  hot  water  and  alcohol 
and  dried  over  sulphuric  acid,  weighed  62  grams,  forming  more 
than  9  per  cent,  of  the  oil-free  germ  meal.  This  is  preparation 
2. 

Another  aqueous  extract  was  heated  at  65^*,  until  all  the  pro- 
teid  coagulable  at  this  temperature  had  separated.  The  coag- 
ulum produced,  when  washed  with  hot  water  and  alcohol  was 
dried  over  sulphuric  acid  and  found  to  weigh  16.68  grams.  The 
filtrate  from  this  coagulum,  heated  in  a  boiling  water-bath,  , 
yielded  a  second  coagulum  which,  when  washed  and  dried, 
formed  preparation  3,  weighing  4.9  grams. 

A  portion  of  the  extract,  which  yielded  preparation  i,  was 
saturated  with  ammonium  sulphate ;  the  resulting  precipitate 
was  dissolved  as  far  as  possible  in  water,  its  solution  filtered 
clear,  and  dialyzed  for  four  days.  During  this  time  a  consider- 
able precipitate  formed,  that,  when  filtered  out,  was  found  to  be 
insoluble  in  salt  solution.  The  solution,  filtered  from  that  sub- 
stance and  dialyzed  in  running  water  until  nothing  more  sepa- 
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rated,  was  filtered  and  heated  at  60**,  which  caused  a  coagulum. 
This  coagulum,  washed  with  hot  water  and  with  alcohol  and 
dried  over  sulphuric  acid,  weighed  7.1  grams  and  made  prepara- 
tion 4. 

In  a  clear  water  extract  of  wheat  germ  meal,  dialyzed  four 
days,  there  appeared  a  dense  turbidity,  due  apparently  to  a  glob- 
ulin, since  it  dissolved  on  adding  sodium  chloride.  Passing 
carbon  dioxide  gas  through  the  dialyzing  solution  seemed  to 
increase  the  turbidity,  but  effected  no  definite  separation.  As  it 
was  found  that  10  cc.  of  N/io  hydrochloric  acid  per  100  cc.  of 
the  extract  caused  a  separable  precipitate,  this  proportion  was 
added  and  the  resulting  flocculent  precipitate  brought  into  solu- 
tion again  by  adding  salt.  The  clear  extract  was  then  dialyzed 
for  two  days  in  running  water  and  filtered  from  an  amorphous  pre- 
cipitate, which  was  treated  as  later  described  on  p.  400. 

The  filtrate  from  this  precipitate  was  further  dialyzed  for  three 
days  more  in  running  water  and  then,  as  nothing  separated,  for 
four  days  more  into  alcohol.  The  precipitate  which  resulted 
was  dried  over  sulphuric  acid,  exhausted  with  water,  in  order  to 
remove  all  uncoagulated  proteids,  as  well  as  other  soluble  sub- 
stances, dehydrated  with  absolute  alcohol,  again  dried  and 
weighed,  yielding  12  grams  of  preparation  5. 

Another  aqueous  extract  was  saturated  with  pure  sodium 
chloride,  the  abundant  precipitate  filtered  out,  treated  with 
dilute  brine  and  the  resulting  solution  filtered  from  a  relatively 
considerable  quantity  of  insoluble  matter.  This  filtrate  was 
saturated  with  sodium  chloride,  a  second  precipitate  filtered  out 
and  likewise  treated  with  dilute  salt  solution.  The  insoluble 
portion  was  removed  by  filtration  and  the  clear  filtrate 
dialyzed.  The  small  precipitate  separated  by  dialysis  was 
washed  and  dried,  weighed  4.8  grams,  and  formed  preparations. 

The  filtrate  from  the  first  precipitation  of  the  substance  of 
preparation  6,  caused  by  saturating  its  solution  with  sodium 
chloride,  as  described  above,  was  diluted  with  water  and  satu- 
rated with  ammonium  sulphate.  The  precipitate  which  resulted 
was  dissolved  in  water  and  its  solution  precipitated  by  satura- 
ting with  sodium  chloride.  Although  this  substance  had 
previously  been  soluble  in  saturated  brine,  after  precipitation 
with  ammonium  sulphate  it  was  found  to  be  nearly  all  insoluble 
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therein,  so  that  almost  complete  precipitatiod  resulted  oo  again 
saturating  with  sodium  chloride.  The  precipitate  so  produced 
was  filtered  out,  dissolved  in  dilute  salt  solution,  and  reprecipi- 
tated  by  dialysis.  We  thus  secured  7.6  grams  of  preparation  7. 
By  saturating  another  aqueous  extract  of  germ  meal  with 
sodium  chloride  a  very  large  quantity  of  proteid  was  separated 
which  was  filtered  out,  exhausted  with  dilute  salt  solution  and 
washed  thoroughly  with  water  and  alcohol.  Dried  over  sul- 
phuric acid,  the  preparation,  8,  weighed  17  grams. 

The  filtrate  and  saline  washings  from  preparation  8  were 
united  and  again  saturated  with  salt,  and  yielded  a  small  pre- 
cipitate which,  dissolved  in  brine  and  precipitated  by  dialysis, 
gave  preparation  9,  weighing  2.8  grams.  As  the  salt-saturated 
solution  from  which  this  preparation  had  separated  contained  so 
little  protein,  it  appears  that  nearly  all  the  proteid  precipitated 
from  the  aqueous  extract  by  saturating  with  salt  had  been  con- 
verted into  the  insoluble  substance  forming  preparation  8. 

The  filtrate,  from  the  salt-saturation  precipitate  produced  in 
the  aqueous  extract,  was  dialyzed  in  water  for  several  days  and 
the  still  clear  solution  then  dialyzed  in  alcohol  for  twenty-four 
hours.  The  proteid,  thereby  precipitated  in  a  coagulated  state, 
was  filtered  out,  washed  with  water  and  then  with  alcohol,  yield- 
ing 12.4  grams  of  preparation  lo. 

Another  aqueous  extract  was  saturated  with  sodium  chloride 
and  the  precipitate,  treated  in  the  same  way  as  preparation  8, 
yielded  18  grams  of  preparation  11. 

The  saline  washings  of  the  last  preparation  were  dialyzed  free 
from  chlorides  and  gave  a  precipitate  weighing  2.86  grams  when 
washed  and  dried,  which  formed  preparation  xa,  having  the 
properties  of  a  globulin,  dissolving  readily  on  adding  salt  and 
being  precipitated  from  such  solution  by  water. 

The  filtrate  from  the  final  precipitation  of  12,  when  heated  in 
a  boiling  water-bath,  gave  a  coagulum  which  formed  preparation 
13*  weighing  1.64  grams. 

The  salt-saturated  filtrate  from  the  first  precipitation  of  11, 

as  already  described,  was  heated  to  boiling  and  the  coagulum 

produced  was  filtered  out,  giving  preparation  14,  weighing  5.47 

grams. 

Since  analysis  showed  that  most  of  the  preparations  already 
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described  contained*  phosphorus,  some  even  in  large  amount,  we 
made  an  attempt  to  separate  the  phosphorus  from  our  extract, 
in  order  to  determine,  if  possible,  the  relation  of  the  preparations 
free  from  phosphorus  to  those  which  contained  much  phosphorus. 

Two  thousand  grams  of  meal  were  treated  with  6  liters  of  dis- 
tilled water  and  the  extract  (4  liters)  was  squeezed  out  as  com- 
pletely as  possible  in  a  press. 

As  a  preliminary  experiment,  100  cc.  of  this  clear,  filtered 
extract  were  made  faintly  alkaline  to  phenolphthalein,  with 
about  40  cc.  of  N/io  potassium  hydroxide  solution.  To  insure 
a  sufficient  quantity,  20  cc.  more  of  alkali  were  added  and  there- 
upon a  little  calcium  chloride,  which  gave  a  precipitate  that 
seemed  to  partly  dissolve  on  adding  sodium  chloride.  The 
undissolved  part,  when  washed  with  dilute  salt  solution,  water, 
and  alcohol  and  dried,  weighed  1.7  per  cent,  of  the  meal,  con- 
tained about  55  per  cent,  of  organic  matter,  and  left 45  percent, 
of  ash,  consisting  of  tricalcium  phosphate. 

To  2,000  cc.  of  the  original  extract  were  then  added  1,350  cc. 
of  a  solution  containing  alkali  equivalent  to  1,560  cc.  N/io  solu- 
tion, with  sodium  chloride  enough  to  form  6.5  per  cent,  of  the 
total  liquid.  To  this,  a  solution  of  calcium  chloride  was  added, 
as  long  as  a  precipitate  formed,  and  after  standing  over  night  the 
solution  was  decanted  from  the  precipitate  and  filtered  clear  on  a 
pulp  filter.  Of  the  clear  filtrate,  2,209  cc.  were  made  as  neutral 
as  possible  to  liimus,  by  adding  180  cc.  of  N/ 10  hydrochloric  acid 
solution.  Of  the  thus  neutralized  solution,  1,000  cc,  when 
gradually  heated  in  a  water-bath,  became  turbid  at  52°  and 
a  considerable  coagulum  separated  at  53'.  After  the  tempera- 
ture had  been  slowly  raised  to  65"  and  kept  at  this  point  for  some 
time,  the  coagulum  was  filtered  out,  washed  and  dried  as  usual, 
giving  preparation  15,  weighing  6.4  grams.  Another  portion  of 
this  extract,  filtered  from  the  calcium  chloride  precipitate,  was 
saturated  with  ammonium  sulphate  while  still  slightly  alkaline 
to  litmus,  the  resulting  precipitate  filtered  out,  dissolved  in 
water,  its  solution  filtered  clear  and  dialyzed.  A  slight  precipi- 
tate formed  on  dialysis,  which  was  removed  by  filtering,  the 
solution  was  heated  in  a  boiling  water-bath  and  the  proteid  thas 
coagulated  was  filtered  out,  washed,  dried,  and  weighed  as 
usual,  giving  3.07  grams  of  preparation  17. 
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To  determine  what  effect  the  removal  of  the  phosphorized 
substance  thrown  out  by  calcium  chloride  had  upon  precipita- 
tion with  salt,  we  made  neutral  to  litmus  a  liter  of  the  filtrate 
from  the  calcium  chloride  precipitate  and  then  saturated  with 
sodium  chloride.  The  large  precipitate  which  formed  was 
washed  by  decantation  with  water,  in  which  it  gradually  dis- 
solved, until  only  an  insignificant  quantity  remained.  The 
similarly  obtained  precipitate  from  the  simple  aqueous  extract 
we  have  shown  on  page  389,  to  be  nearly  all  insoluble  in  water. 

To  separate  globulin  from  the  aqueous  extract,  1,200  cc.  of 
clear,  filtered  extract  were  obtained  from  200  grams  of  the  germ 
meal  treated  with  2,000  cc.  of  water.  One  liter  of  this  extract 
was  dialyzed  in  running  water  for  six  days,  and  the  large  pre- 
cipitate resulting  filtered-  out,  washed  with  water  and  alcohol, 
and  dried  over  sulphuric  acid,  giving  preparation  18,  weighing 
9.17  grams. 

These  preparations,  thus  variously  obtained  from  the  aqueous 
extract,  were  dried  to  constant  weight  at  1 10**  and  analyzed  with 
the  following  results,  most  of  the  figures  given  in  the  table  being 
the  average  of  closely  agreeing  duplicate  determinations : 

Table  I. — Composition  of  Prbparahons  of  Protkid  from  the  Water 

Extract  of  the  Wheat  Bmbryo. 

123456789 

Carbon 51.13  50-52  SO-iJ  52-39  51-77  52.13  52-73  43-59  52.28 

Hydrogfen..  6.85  6.81  7.01  6.83  6.81  7.04  7.11  5.77  6.97 

Nitrogen- ••  16.28  16.47  16.66  16.20  16.11  16.48  16.00  15.16  16.38 

Sulphur 1. 18  1. 17  i.oo  1.32  1.30  1.49  1.53  0.90  1.39 

Phosphorus  0.72  0.97  0.91  trace  0.17  0.06  none  3.38  0.07 

Ash 2.73  2.90  3.03  0.35  1.39  0.43  0.39  13.04  0.44 

P3O5  in  ash  1.88  2.09  1.91  trace  0.47  trace  none  6.73  trace 

10        11  12  13         14  *15         16  17  18 

Carbon 51.21  46.67  51.87  51.95  51.65  52.02  49.59 

Hydrogen--  6.85      6.19  6.89  6.86  6.66  7.00  6.68 

Nitrogen-.-  16.18  15.89  16.65  16-31  16.08  16.02  16.09  i6-45  i6-34 

Sulphur 1. 10      0.93  1.19  1.35      1.60  1. 13  1. 12  1.24  0.91 

Phosphorus  0.46      2.53  trace  trace  trace  trace  trace  none  1.85 

Ash 2.19  8.17  0.38  0.45      0.32  1.09  2.83  0.56  2.50 

P^Osinash  i.ii  5.71  trace  trace  trace  trace  trace  none  1.79 

Assuming  that  those  of  the  foregoing  preparations  which  con- 
tain phosphorus  are  compounds  of  protein  with  the  nucleic  acid, 
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which  was  separated  from  the  aqueous  extract  of  wheat  germs 
and  the  composition  of  which  is  given  on  page  383  of  this  paper, 
and  also  assuming  that  all  the  phosphorus  of  these  preparations 
is  a  part  of  the  nucleic  acid,  we  have  calculated  the  composition 
of  these  preparations  free  from  nucleic  acid.  The  analyses  were 
further  calculated  ash-free  by  subtracting  the  phosphorus 
pentoxide  contained  in  the  ash  from  the  total  ash,  which  seems 
permissible  since  the  ash  consisted  almost  wholly  of  meta- 
phosphates  of  potassium  and  sodium,  strongly  indicating  that 
the  phosphorus  pentoxide  was  derived  from  the  nucleic  acid. 
These  calculations  gave  the  following  results : 

Tabids  II. — Composition  of  Lhucosin  Contained  in  the  Preparations 
FROM  Water  Extracts  of  the  Wheat  Embryo. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

Carbon  •  >  > . 

52.93 

52.7s 

52.41 

52.57 

52.57 

52.47 

52.93 

53.23 

52.64 

Hydrogen .  • 

7.12 

7.16 

7.38 

6.85 

6.91 

7.08 

7.13 

7.09 

7.02 

Nitrogen . .  • 

16.45 

16.68 

16.94 

16.26 

16:27 

16.55 

16.06 

16.30 

16.46 

Sulphur  . . . 

1.29 

1.32 

I-I3 

1.32 

1.34 

1.50 

1.53 

1.60 

1.41 

Oxygen 

22.21 

22.09 
100.00 

22.14 
100.00 

23.00 
100.00 

22.91 
100.00 

22.40 
100.00 

22.35 

21.78 
100.00 

22.47 

100.00 

100.00 

100.00 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Carbon  .... 

52.63 

52.44 

52.06 

•  •  •  • 

52.11 

52.16 

•  •  •  • 

52.30 

53-45 

Hydrogen . . 

7.06 

7.10 

6.92 

•  •  •  • 

6.88 

6.73 

•  ■  •  • 

7.04 

7.30 

Nitrogen . .  • 

16.40 

16.26 

16.71 

16.38 

16.13 

16.20 

16.56 

16.54 

16.57 

Sulphur.... 

1. 17 

1.34 

1.19 

1.35 

1.60 

1. 14 

1.15 

1.24 

1. 16 

Oxygen  

22.74 
100.00 

22.86 

23.12 

•  •  •  • 

23.28 
100.00 

23.77 

•  •  •  • 

22.88 

2I.$2 

100.00 

100.00 

100.00 

100.00 

100.00 

Of  these,  preparation  i,  2,  3,  4,  13,  14,  15,  16,  and  17  were 
obtained  by  coagulation  with  heat,  5  and  10  by  coagulation  with 
alcohol,  8  and  11  by  saturation  with  sodium  chloride,  6,  7,  9,  and 
12  by  dialyzing  salt  solutions  in  water,  and  18  by  direct  dialysis 
of  the  aqueous  extract.  Since  some  of  these  preparations  formed 
the  whole  of  the  precipitable  proteid  contained  in  the  extract, 
while  others  represented  fractions,  it  is  evident  that  all  contain 
one  and  the  same  protein  substance  mostly  combined  with 
various  proportions  of  nucleic  acid. 

Eliminating  the  nucleic  acid,  it  thus  appears  that  the  com- 
position of  the  protein  part  of  those  preparations  which  contain 
phosphorus  is  the  same  as  that  of  the  phosphorus-free  proteid 
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preparations,  although  the  former  contain  from  very  little  up  to , 
more  than  37  per  cent,  of  nucleic  acid. 

Most  of  these  preparations  might,  in  accordance  with  custom, 
be  called  nucleoproteids,  while  8  and  ix  are,  both  in  properties 
and  composition,  very  much  like  nuclein.  It  is  thus  evident 
that  these  nucleoproteids  and  nucleins  are  nucleic  acid  com- 
potinds  of  protein  which,  owing  to.  the  high  molecular  weight  of 
the  nucleic  acid,  are  more  readily  recognized  as  compounds  than 
are  those  with  acids  of  low  molecular  weight. 

It  is  to  be  noted  that  these  preparations  show  very  diverse 
properties :  some  being  like  albumin ;  some  like  globulin ;  some 
being  precipitated  by  saturation  with  salt,  while  others  are  not. 
As  we  have  shown,  these  different  properties  are  the  result  of 
changes  caused  by  varying  the  conditions  under  which  the 
proteid  exists  in  the  extract,  and  depend  chiefly  on  the  degree 
of  acidity  of  the  extract,  whereby  the  numbers  and  kinds  of  acid 
molecules  that  combine  with  the  protein  molecule  are  altered. 

Whatever  may  be  the  true  cause  of  these  changes,  it  is  evi- 
dent from  the  results  here  described,  that  the  distinctions  here- 
tofore made  between  globulin  and  albumin,  myosin  and  vitellin, 
etc. ,  have  very  little  value  as  a  basis  for  classifying  protein  sub- 
stances. This  explains  the  difference  between  O'Brien's  classi- 
fication of  leucosin  as  a  myosin-like  globulin,  to  which  reference 
was  made  at  the  beginning  of  this  paper,  and  our  designation 
of  it  as  an  albumin,  because  of  the  ready  solubility  in  water  and 
coagulability  by  heat  of  the  preparations  which  we  had  made. 
Thus,  preparation  18,  weighing  9.17  grams,  was  insoluble  in 
water  and  in  salt  solution  and  was  not  a  precipitate  of  globulin, 
since  in  the  filtrate  from  which  it  had  separated  on  dialysis,  only 
0.87  gram  of  coagulahle  albumin  was  found  instead  of  9.5 
grams  as  usually  found  by  direct  coagulation  of  the  aqueous 
extracts ;  moreover  the  analysis  shows  it  to  be  a  compound  of 
leucosin  with  20  per  cent,  of  nucleic  acid. 

On  the  preceding  pages,  it  was  shown  that  a  small  part  of  the 
precipitate,  produced  by  saturating  the  aqueous  extract  with 
sodium  chloride,  is  soluble  in  dilute  salt  solution  and  can  be 
precipitated  from  this  solution  by  dialysis,  as  a  globulin-like 
substance,  readily  soluble  again  in  salt  solution.  The  precipi- 
tates thus  obtained  contain  little  or  no  nucleic  acid,  and  have 
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very  nearly  the  same  elementary  composition  as  leucosin,  of 
which  they  are  evidently  compounds  with  a  small  proportion  of 
some  body  of  low  molecular  weight. 

It  is  plain  from  these  facts  that  O'Brien's  myosin  contains  the 
same  protein  substance  as  my  leucosin. 

O'Brien's '*a/*«wm"  coagulating  at  ys^-So®  is  unquestion- 
ably more  of  this  same  leucosin  as  shown  by  preparation  3,  which 
formed  about  25  per  cent,  of  the  total  coagulable  proteid.  It  has 
been  the  writer's  experience  that  complete  coagulation, 
especially  in  a  solution  quite  free  from  salts,  can  be  efiected,  if 
at  all,  only  by  heating  the  solution  much  above  the  lower 
coagulation  temperature  of  the  proteid  to  be  separated. 

From  the  whole  seed  we  obtained  leucosin  with  the  same  com- 
position and  general  properties  as  from  the  embryo,  but  our 
preparations  from  the  whole  seed  were  free  from  phosphorus. 
This  was  probably  because  the  proportion  of  nucleic  acid  to 
protein  matter  was  smaller  in  the  whole  seed  than  in  the  embryo 
so  that  on  extracting  with  water  the  nucleic  acid  did  not  form 
soluble  compounds  with  the  leucosin,  but  remained  undissolved 
in  combination  with  protein.  In  the  following  table  is  given  the 
average  of  analyses  of  leucosin  from  the  cereals. 

Tablb    III.— Composition    of   Leucosin   Prepared   from    Various 


CBREA13. 


Wheat 
embryo. 

Carbon 52.65 

Hydrogen . .  •  •  7.04 

Nitrogen 16.43 

Sulphur 1.32 

Oxygen 22.56 

10(>.00 


Wheat 
kernel. 

53.02 
6.84 

16.80 
1.28 

22.06 


Rye 

kernel. 

52.97 
6.79 

16.66 

1-35 
22.23 


Barley 
kernel. 

52.81 

6.78 

16.62 

1.47 
22.32 


Barley 
malt. ' 

53.07 
6.72 

16.71 


}23. 


50 


100.00        100.00 


100.00    100.00 


Maizei 
kernel. 

52.72 

7.05 
16.82 

1.32 

22.05 

100.00 


1)1 


In  an  earlier  paper  on  the  *  *  Chemical  Nature  of  Diastase 
we  pointed  out  that  diastatic  action  appeared  to  be  always 
associated  with  leucosin .  Since  our  extracts  of  wheat  embryo  were 
so  rich  in  leucosin,  we  determined  the  diastatic  power  of  the 

1  This  proteid  was  described  by  Chittenden  and  Osborne  (Am.  Ckem./.,  13, 327)  as  a 
niyosin-like  globulin,  and  was  later  (This  Journal.  19,  535)  desigrnated  masrsin  by  the 
writer.  Since  we  now  find  that  leucosin  may  form  compounds  having  the  properties  of 
globulin,  it  is  probable  that  maysin  and  leucosin  contain  one  and  the  same  protein  sub- 
stance. 

>  This  Journal,  18,  542 ;  Report  Conn.  Agr.  Exp.  Sta.,  1895,  P-  ^39- 
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germ  meal  by  extracting  with  four  times  its  weight  of  water  and 
found  that,  under  the  conditions  of  Lintner's  test,  o.io  cc  of  the 
extract  so  made,  when  added  to  lo  cc.  of  a  2  per  cent,  solution 
of  soluble  starch,  formed  within  one  hour,  at  20**,  enough  sugar 
to  reduce  5  cc.  of  Fehling's  solution.  The  o.  10  cc.  of  extract 
corresponds  to  25  milligrams  of  the  germs,  from  which  it  is  seen 
that  this  meal  possesses  high  diastatic  power,  though  it  is 
inferior  in  this  respect  to  active  malt. 

SODIUM   CHLORIDE  EXTRACT. 

Wheat  germ  meal  treated  with  10  per  cent,  sodium  chloride 
brine  forms  a  dense  jelly-like  mass  from  which  it  is  nearly 
impossible  to  separate  the  solution. 

With  3  per  cent,  brine  a  manageable  extract  can  be  made  by 

using  from  six  to  ten  times  as  much  solvent  as  meal.     Thus,  100 

grams  of  the  meal  treated  with  600  cc.  of  3  per  cent,  salt  solution 

yielded  in  fifteen  hours  400  cc.  of  clear  filtrate.     As  has  just 

been  shown,  the  aqueous  extract  on  dialysis,  in  consequence  of 

a  change  which  affects  leucosin,    deposits  a  large  amount  of 

proteid,   chiefly  in  the  coagulated   form.     In    order  to  obtain 

preparations  of  the  proteid  substance  soluble  in  salt  solutions, 

but  insoluble  in  water,  which  should  be  free  from  this  coagu- 

lable  albumin,  we  treated  2,000  grams  of  germ  meal  with  20 

liters  of  3  per  cent,  salt  solution  heated  to   70**,   whereby  the 

leucosin  was  coagulated  and  the  salt-soluble  globulin  brought 

into  solution.     The  extract,  neutral  to  litmus,  was  filtered  clear, 

at  once  saturated  with  ammonium  sulphate  and  the  proteids  thus 

precipitated  collected  on  a  filter,  dissolved  in  water,  and  the  clear 

solution  dialyzed  in  running  water. 

Proteid  matter  separated  on  dialysis  in  spheroids  which,  like 
legumin,  conglutin,  and  amandin,  united  to  a  plastic  mass  on 
the  bottom  of  the  dialyzer. 

This  precipitate  was  dissolved  in  brine,  filtered  absolutely 
clear,  dialyzed  for  48  hours,  the  large  precipitate  which  sepa- 
rated allowed  to  settle,  and  the  solution,  which  was  nearly  free 
from  protein,  decanted. 

A  portion  of  the  precipitate  was  washed  first  with  water,  which 
rendered  it  opaque  and  dense,  then  with  dilute  and  finally  with 
absolute  alcohol  and  dried  over  sulphuric  acid.     This  weighed 
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5.22  grams,  and  is  preparation  ig.  The  rest  of  the  precipitate 
was  completely  dissolved  in  125  cc.  of  10  per  cent,  salt  solution. 
To  this,  water  was  added  until  its  volume  was  425  cc.,  thus 
making  a  salt  solution  of  nearly  3  per  cent.  From  this  diluted 
solution  a  gummy  deposit  separated  from  which  the  liquid  was 
soon  completely  decanted.  The  latter  was  further  diluted  with 
325  cc.  of  water  and  .the  precipitate  which  resulted  allowed  to 
settle  to  a  viscid  transparent  deposit.  From  this  precipitate  the 
solution  was  again  decanted  and  dialyzed  for  48  hours,  but  not 
more  than  a  trace  of  globulin  was  deposited.  The  two  precipi- 
tates produced  by  dilution  were  thoroughly  washed  with  water 
and  alcohol,  dried  over  sulphuric  acid  and  formed  preparations 
20  and  21,  weighing  respectively  11.4  grams  and  8.15  grams.  A 
part  of  each  of  these  preparations  was  set  aside  for  analysis  and 
the  rest,  dissolved  together  in  10  per  cent,  salt  solution,  allowed 
to  stand  over  night  at  4".  The  solution  was  then  decanted  from 
a  slight  sediment,  filtered  clear  and  heated  to  80°  in  order  to 
coagulate  any  leucosin  which  might  be  present,  and  after  two 
hours  filtered  from  a  very  small  coagulum  which  had  gradually 
formed. 

This  filtrate  was  dialyzed  in  water  for  four  days  and  the 
globulin  which  separated  was  washed  with  water  and  with  alco- 
hol and  dried  over  sulphuric  acid,  giving  preparation  22. 

The  solution  filtered  from  the  first  dialysis  precipitates  which 
yielded  preparations  19,  20,  and  21^  was  further  dialyzed ;  a  little 
globulin,  which  separated,  was  filtered  out  and  the  filtrate  dia- 
lyzed into  alcohol  for  four  days.  A  precipitate  was  produced 
which,  when  washed  with  absolute  alcohol  and  dried,  weighed 
25  grams.  This  substance  consisted  of  proteid  which  will  be 
describes  later,  on  page  402.  Another  series  of  fractional  pre- 
cipitations of  this  globulin-like  proteid  was  made  by  extracting 
four  kilograms  of  the  oil-free  germ  meal  with  27  liters  3  per 
cent,  brine,  heated  to  67°  at  the  time  it  was  applied  to  the 
meal.  The  mixture  was  thoroughly  stirred  and  thrown  on 
filters.  A  clear  filtrate  of  about  12  liters  was  finally  obtained, 
which  was  saturated  with  ammonium  sulphate.  The  precipitate 
produced  was  dissolved  in  water  and  its  solution  dialyzed  for 
forty-eight  hours,  whereupon  a  large  quantity  of  spheroids  sepa- 
rated  which  on  settling  united  to  a  coherent  mass.     This  pre- 
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cipitate  was  washed  by  decantation  with  water,  dissolved  in 
brine,  and  its  solution  made  faintly  alkaline  to  litmus  by 
cautiously  adding  N/io  potassium  hydroxide  solution.  In  order 
to  separate  phosphoric  acid,  a  little  calcium  chloride  solution 
-was  then  added  to  this  very  slightly  alkaline  liquid  and  the 
latter,  though  apparently  free  from  any  precipitate  of  calcium 
phosphate,  was  filtered,  whereby  a  little  suspended  matter  was 
removed.  The  solution  was  made  exactly  neutral  to  litmus  by 
adding  56  cc.  N/io  hydrochloric  acid  and  dialyzed  for  eighteen 
hours.  A  gummy  precipitate,  A,  adhering  to  the  bottom  of  the 
dialyzer,  then  separated,  from  which  the  solution,  B,  was 
decanted  almost  completely. 

The  precipitate.  A,  was  dissolved  in  about  200  cc.  of  5  per 
cent,  brine  and  the  liquid  was  poured  into  800  cc.  of  water.  The 
resulting  flocculent  precipitate  settled  rapidly  to  a  coherent 
deposit  from  which  the  solution  was  decanted.  The  deposit  was 
repeatedly  washed  by  decantation  with  water,  which  caused  it  to 
lose  its  gummy  character  and  become  opaque,  white,  and  gran- 
ular. After  dehydrating  with  absolute  alcohol  and  drying  over 
sulphuric  acid  it  weighed  15.5  grams  and  was  marked  prepa- 
ration 23.  The  solution  marked  B  was  further  dialyzed  for  forty- 
eight  hours  when  a  second  precipitate  formed,  which,  like  23, 
completely  dissolved  in  brine,  to  a  solution  perfectly  neutral  to 
litmus.  This  precipitate  was  washed  by  decantation  with  water, 
but  the  finer  part  settled  so  slowly  that  it  was  necessary  to 
decant  it  together  with  the  water.  The  sediment  after 
exhausting  with  absolute  alcohol  and  drying,  weighed  23.5 
grams,  and  formed  preparation  24.  On  long  standing,  the 
decanted  washings  deposited  the  finely  divided  matter,  which 
was  then  collected  on  a  filter,  dissolved  in  brine  and  its  solution 
precipitated  by  water,  giving  15.4  grams  of  preparation  25. 

To  determine  the  quantity  of  globulin  contained  in  our  oil-free 
germ  meal,  we  treated  200  grams  of  the  meal  with  2,000  cc.  of  3 
per  cent,  salt  solution  heated  to  65°  and  filtered  the  extract  per- 
fectly clear.  Of  this,  1,000  cc.  were  dialyzed  until  free  from 
chlorides,  when  the  precipitate  of  spheroids  was  filtered  out, 
washed  with  water  and  with  alcohol  and  dried  over  sulphuric 
acid.  This  preparation,  26,  formed  5.05  per  cent,  of  the  oil- 
free  meal. 


^ 
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To  obtain  a  quantity  of  this  globulin  for  digestion  with  pepsin, 
a  quantity  of  germ  meal  was  extracted  with  3  per  cent,  salt 
solution  heated  to  70°,  the  extract  was  filtered  clear  and 
saturated  with  ammonium  sulphate.  The  precipitate  produced 
was  dissolved  in  water  and  the  resulting  gummy  and  somewhat 
turbid  solution  filtered  clear.  The  filtrate  was  dialyzed  until 
the  solution  gave  no  turbidity  on  pouring  into  distilled  water. 
The  proteid,  which  had  then  separated  in  spheroids,  was  filtered 
out,  washed  by  decantation  with  water  and  with  alcohol  and 
dried  over  sulphuric  acid,  giving  27.3  grams  of  preparation  27. 

A  part  of  the  extract  from  which  27  had  been  prepared  was 
mixed  with  an  equal  volume  of  N/io  potassium  hydroxide,  about 
twice  the  quantity  necessary  to  neutralize  the  extract  to  phenol- 
phthalein.  The  solution  was  then  dialyzed  in  distilled  water 
frequently  renewed  and  in  this  way  a  considerable  quantity  of 
phosphorus  was  separated  in  the  alkaline  dialyzate.  When  all, 
or  nearly  all,  which  it  was  possible  to  separate  in  this  way,  had 
been  removed,  the  solution  in  the  dialyzer  was  neutralized  with 
N/io  hydrochloric  acid  until  it  no  longer  reacted  alkaline  to  litmus. 
This  caused  a  turbidity.  The  acid  was  then  further  added  until 
an  acid  reaction  with  litmus  was  obtained,  producing  a  precipi- 
tate from  which,  after  settling,  the  solution  was  decanted.  The 
precipitate  was  then  dissolved  in  brine,  its  solution  filtered  clear 
and  dialyzed,  whereby  a  substance  was  precipitated  in  spheroids, 
which  was  filtered  out,  washed  with  water  and  alcohol  and 
formed  preparation  28,  weighing  3  grams. 

These  preparations  had  the  following  composition  : 

Table    IV.— Composition    of  Preparations   Extracted     by    Sodifm 
Chloride  Solutions  from  the  Wheat  Embryo. 

19     20        21  22  23  24  25  26  27  28 

Carbon 48.77  5o-03  50-23  48.1749.39  48.75  49.79  4867 

Hydrogen 6.44  7.04  6.89  6.54  6.78  6.52  6.76  6.56 

Nitrogen...  18.14  18.21  18.12  18.39  18.23  18.06  17.95  18.16  18.01  17.97 

Sulphur-.. •     0.49    0.56    0.51  0.60  0.53  0.55  0.48  0.63      0.61  0.61 

Phosphorus     1.15    1.03    1.35  0.76  0.56  1.41  1.17  1.41       i.ii  1.55 

Ash 2.29    1.86    2.25  1.30  1.22  3.85  2.60  2.66      I.II  2.94 

P,05  in  ash*     1.66    1.34    1.68  0.84  0.80  2.00  1.82  2.00  0.68  2.50 

These  analyses,  when  calculated  free  from  nucleic  acid  and 
ash,  as  was  done  for  the  albumin  preparations,  in  the  manner 
described  on  page  392,  gave  the  following  results  : 
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TiLBLB  V. — Composition  of  thb  Globulin  CoNTiUNED  in  the  Prepara- 
tions BXTRACTBD  FROM  THB  WhBAT  BmBYRO  BY 

Sodium  Chloridb  Solution. 

19  .      20  21  22  23 

Carbon ....  51.37  51.58  .  51.40 

Hydrogen 6.83  7.31  7.08 

Nitrogen 18.59  18.59  18.62  18.70  18.45 

Sulphur 0.57  0.63         0.60         0.66         0.57 

Oxygen 22.58        21.75        22.50 

ioo.oo  100.00  100.00 

24  25  26  27  28 

Carbon * 51.56  51.86  51.40  51.98  51.70 

Hydrogen 7.07  7.19  6.94  7.12  7.05 

Nitrogen 18.85  18.41  18.71  18.37  18.53 

Sulphur 0.67  0.55  0.75  0.70  0.75 

Oxygen 21.85  21.99  22.20  21.83  21.97 

100.00      100.00       100.00      100.00      100.00 

These  figures  plainly  show  that  our  globulin  preparations  are 
mixtures  of  nucleates  of  one  and  the  same  protein  substance  and 
contain  from  5  to  15  per  cent,  of  nucleic  acid.  The  preparations 
contain  the  same  protein  as  the  globulin  which  one  of  us  has 
previously  described  as  occurring  in  the  kernel  of  wheat,  rye, 
barley,  and  maize.  In  the  entire  kernel,  so  little  of  this  globulin 
is  present  that  it  is  difficult  to  prepare  it  pure  therefrom.  For 
this  reason,  we  think,  the  analyses  given  below  do  not  agree  as 
closely  as  they  might  otherwise  be  expected  to.  From  the  whole 
seed  this  globulin  is  obtained  entirely  free  from  phosphorus, 
which  we  attribute  to  the  much  greater  proportion  of  proteid 
matter  to  nucleic  acid,  in  the  seed,  compared  with  that  existing 
in  the  wheat  embryo. 

Tablb  VI.— Composition  of   thb  Globulin  Containbd  in  Various 

Cbreals. 

Wheat       Wheati  RyeS        Maize*      Barley« 

embryo,      kernel.       kernel,      kernel,     kernel. 

Carbon 51.57        51.03        51.19        51,99        50.88 

Hydrogen 7.07  6.85  6.74         6.81  6.65 

Nitrogen 18.60        18.39        18.19        18.02        18.10 

Sulphur 0.65  0.65 1  gg         0.66 1 

Oxygen 22. 1 1        23.08  /     ^^'^        22.52  /     ^'^^ 

100.00      100.00       100.00      100.00    100.00 

'^  Am.  Chem.Jny  15,  39a. 

s  This  Journal,  17,  429;  also  Report  of  Conn.  Bzpt.  Station  for  1894,  p.  147. 

*  Am.  Chem.J.„  13,  327,  385  and  15,  20. 

^  This  Journal,  17, 539 ;  also  Report  of  Conn.  Bxpt  Station  for  1894.  p.  165. 
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Having  determined  the  composition  of  this  globulin-like  pro- 
teid  and  also  that  of  the  albumin,  it  became  clear  that  several 
preparations  obtained  from  the  aqueous  extract  were  mixtures 
of  these  two  substances,  thus  showing  the  globulin  to  be  present 
to  some  extent  in  the  aqueous  extract. 

As  noted  on  page  388,  when  2,000  cc.  of  an  aqueous  extract 
of  about  650  grams  of  the  meal  were  dialyzed  in  running  water 
for  four  days,  a  dense  turbidity  was  formed  which  could  not  be 
removed  by  filtration.  This,  however,  on  adding  a  little  hydro- 
chloric acid,  was  converted  into  a  precipitate,  which  was  readily 
dissolved  by  adding  sodium  chloride  sufficient  to  make  a  3  per 
cent,  solution,  and  was  precipitated  from  this  solution  by 
dialysis.  We  thus  obtained  9  grams  of  preparation  29,  which, 
dried  at  110°,  had  the  following  composition  : 


Composition  of  Preparation  29. 


•5  • 

SS5 


xS  a  6 

u  a  r* 


o  ^  o 

^^  V     '  it 

9  2  "3  *»  w 

I.  II.         Av.         58        5S.§.« 

Carbou 48.30  47.92  48.11  51.70  51.95 

Hydrogen 6.49  6.41  6.45  7.07  7.07 

Nitrogen 17.40  17.24  17.32  17.74  17.74 

Sulphur 0.83  0.85  0.84  1.08  0.91 

Phosphorus 1.91  ....  1.91          .... 

Oxygen ....  ....         22.51        22.53 

Ash 3.95  

P.^05  in  ash 2.95  100.00     100.00 

This  analysis  corresponds  pretty  nearly  with  that  of  a  mixture 
of  60  per  cent,  of  the  globulin  with  40  per  cent,  of  leucosin, 
except  that  the  amount  of  sulphur  found  was  somewhat  greater 
than  that  calculated. 

After  heating  another  portion  of  the  same  aqueous  extract  to 
65° for  some  time  and  filtering  off  the  coagulum,  the  filtrate  was 
dialyzed  for.  five  days  into  alcohol  and  the  precipitate  thereby 
produced  filtered  out  and  exhausted  with  water.  The  residue 
of  proteid  matter  coagulated  by  alcohol,  weighing  6.7  gramsand 
marked  preparation  30,  was  then  dried  at  no**  and  analyzed 
with  the  following  results  : 
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Composition  of  Preparation  30. 

Corrected  for  Calculated  for 

ash  and  nucleic      globulin  40  per  cent. , 
acid.  leucosin  60  per  cent. 

Carbon 49-49  Si. 80  52.13 

Hydrogen   6.81  7. 14  7.03 

Nitrogen 16.87  17-32  i7-3o 

Sulphur 0.93  1. 14  1.05 

Phosphorus 0.89  ....                         

Oxygen 22.60  22.49 

Ash 4.00                     

P2O5  in  ash 2.01  100.00  100.00 

This  analysis  corresponds  quite  nearly  with  that  of  a  mixture 
of  40  percent,  of  the  globulin  with  60  per  cent,  of  the  albumin. 

THE  PROTEOSE  OF  THE  WHEAT  EMBRYO. 

In  making  the  preparations  already  described  considerable 
quantities  of  crude  proteose  were  obtained  from  both  the 
aqueous  and  sodium  chloride  extracts.  After  the  leucosin 
and  the  globulin  had  been  separated  as  completely  as  possible, 
the  solutions  containing  the  proteoses,  as  well  as  the  unseparated 
residues  of  other  proteids,  were  dialyzed  into  alcohol  and  the 
precipitates  produced  washed  and  dried  over  sulphuric  acid. 

A  mixture,  weighing  i5.4grams,  wasmadeby  uniting  several 
such  preparations  that  had  been  obtained  from  aqueous  extracts 
from  which  most  of  the  other  proteids  had  been  separated,  with- 
out heat,  by  saturating  with  sodium  chloride  and  dialysis  into 
alcohol.  The  mixture  contained  much  matter  made  insoluble 
in  water  by  the  final  treatment  with  alcohol.  This  was  filtered 
out,  washed  thoroughly  with  water  and  with  alcohol  and  when 
dried  weighed  4.18  grams,  and  was  marked  preparation  31-  The 
filtrate  from  this  was  saturated  with  ammonium  sulphate,  the 
precipitate  redissolved  and  again  precipitated  in  the  same  way. 
The  solution  of  the  second  precipitate  was  dialyzed  in  cold  dis- 
tilled water  until  free  from  sulphate,  and  then  for  several  days  in 
alcohol.  The  precipitate  thus  produced  was  dissolved  in  water, 
a  little  insoluble  matter  filtered  out,  and  its  clear  solution 
saturated  with  sodium  chloride,  which  produced  a  small  precipi- 
tate. This  was  filtered  out,  dissolved,  and  its  solution  dialyzed 
in  water.  The  salt-saturated  filtrate  was*  likewise  dialyzed  and 
when  both  solutions  were  free  from  chlorine  the  dialyzers  were 
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transferred  to  alcohol  and  the  proteose  thereby  precipitated. 
The  proteose  separating  on  saturation  with  salt,  gave  0.6  gram 
6f  preparation  32;  that  from  the  salt-saturated  solution,  0.97  gram 
of  preparation  33.  This  small  yield  of  proteose  indicates  great 
impurity  of  the  original  crude  product  and  shows  that  the  pro- 
portion of  proteose  to  other  proteids  is  very  small. 

Another  crude  product  was  obtained  by  dialyzing  into  alcohol 
an  aqueous  extract,  after  separating  leucosin  which  had  been 
coagulated  by  heat.  This,  weighing  35  grams,  was  dissolved  in 
water  and  the  insoluble  matter  filtered  out,  washed  and  dried,* 
giving  preparation  34,  weighing  7.26  grams. 

The  filtered  solution  was  saturated  with  ammonium  sulphate, 
the  precipitate  dissolved  in  water,  and  the  clear  solution  dialyzed 
in  distilled  water  until  free  from  sulphates,  and  then  in  alcohol. 
The  substance  thus  separated  was  again  dissolved  in  water, 
and  its  solution  saturated  with  salt ;  the  precipitate  thus  pro- 
duced was  dissolved  in  water  and  its  solution,  as  well  as  the 
salt-saturated  filtrate,  were  dialyzed  in  water.  When  free  from 
chlorine,  these  solutions  were  dialyzed  in  alcohol  and  yielded, 
respectively,  preparations  35,  weighing  4  grams  and  36,  weigh- 
ing 1.84  grams. 

Another  preparation  of  crude  proteose  was  obtained  by  extract- 
ing the  meal  with  3  per  cent,  sodium  chloride  solution  heated 
to  70"*,  dialyzing  the  extract  in  water,  coagulating  the  leucosin 
by  heat  and  precipitating  the  proteose  by  dialysis  in  alcohol. 
A  mixture  6f  such  preparations,  weighing  31.6  grams,  was 
treated  with  water,  the  insoluble  matter  filtered  out,  washed  and 
dried,  giving  5.16  grams  of  preparation  37. 

The  filtered  solution  was  saturated  with  ammonium  sulphate, 
the  precipitate  dissolved  in  water,  the  solution  dialyzed  in  dis- 
tilled water  till  free  from  sulphate,  and  then  in  alcohol.  The 
separated  proteose  was  redissolved  in  water  and  its  solution  satu- 
rated with  sodium  chloride.  The  precipitate  which  resulted  was 
filtered  out,  dissolved  in  water  and  its  solution,  as  well  as  the 
salt-saturated  filtrate,  was  dialyzed  in  water  till  free  from  chlo- 
rine, and  finally  in  alcohol. 

The  products  thus  obtained,  formed,  respectively,  prepara- 
tions 38,  weighing  0.75  gram  and  39,  weighing  1.35  grams. 
One  other  proteose  preparation  was  made  from   the   aqueous 
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extract  previously  described  on  page  390  from  which  the  phos- 
phorus was  largely  separated  by  making  it  slightly  alkaline 
and  adding  calcium  chloride.  After  heating  the  extract  to 
boiling  and  filtering  out  the  coagulum,  the  filtrate  was  dialyzed 
into  alcohol,  the  resulting  precipitate  dehydrated  with  absolute 
alcohol,  dried  over  sulphuric  acid,  redissolved  in  water,  and  pre- 
cipitated by  saturating  with  ammonium  sulphate.  The  gummy 
precipitate,  having  the  general  appearance  and  properties  of 
similar  precipitates  of  the  proteoses  obtained  by  the  action  of 
pepsin,  was  dissolved  in  water,  dialyzed  free  from  sulphates,  and 
then  precipitated  by  dialysis  in  alcohol,  giving  2  grams  of  prep- 
aration 40. 

These  preparations  were  dried  at  1 10°  and  analyzed  with  the 
following  results : 

Table  VII.— Composition  of  Alcohol-coagula  and  of  Protbose  Pre- 
pared FROM  THE  Wheat  Embryo. 

Residues  •i  other  proteids  Proteose  precipitated  Proteose  soluhJe 

coagulated  by  alcohol.       by  sodium  chloride.  in  saturated  NaCl  sol. 

31  34  37  32  35  38  33  36       39  40 

Carbon...  52.36  49.44  51.93  ••••  49.94  ••••  48.46  48.70  48.44  48.99 

Hydrogen.     6.98  6.85      6.87     6.80  ....  6.70  6.73      6.71  6.85 

Nitrogen..   16.01  16.00  16.30  16.79  17.08  16.26  16.91  16.76  16.16  16.89 

Sulphur..     1.85      4.08      1.30    1.24     )  o        o^        1. 10 

r^                    o        \^          i  r  27.93    27.81    28.69      , 

Oxygen..  22.80    23.63    23.60     24.94     ....  j    '  ^*^      '  ^26.17 

100.00  100.00  100.00  100.00  1 00.00   100.00  100.00  100.00 

Ash 0.81     14.13     0.95  0.30     0.77      1. 13      i.oo      0.74      1.27 

From  these  analyses  it  is  seen  that  the  matter  insoluble  in 
water,  forming  preparations  31  >  34i  and  37  consists  of  coagu- 
lated proteid  apparently  mostly  derived  from  leucosin.  The 
high  proportion  of  sulphur  in  31  and  34  is  due  to  calcium  sul- 
phate, precipitated  by  alcohol  from  the  aqueous  extract. 

The  remaining  preparations  have  the  low  percentage  of  carbon, 
characteristic  of  proteoses  made  by  pepsin  digestion. 

Whether  the  proteose  precipitated  by  saturating  its  solution 
with  salt  is  a  different  protein  substance  from  that  soluble  in 
saturated  salt  solution  or  whether  difference  in  solubility  is  due 
to  the  presence  of  different  acid  compounds  of  one  and  the  same 
protein  substance,  is  not  demonstrated,  but  the  agreement  shown 
by  these  analyses,  considering  the  difficulty  of  making  quite  pure 
preparations,  indicates  that  the  latter  is  the  case. 
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The  Proportions  of  the  Various  Proteid  Substances  of  the  Wheat  Embyro. 

Twenty  grams  of  fresh  germ  meal,  from  which  the  ether- 
soluble  constituents  had  not  been  separated,  were  treated  with 
500  cc.  of  water  and  after  shaking  for  some  time,  the  extract 
was  filtered  clear.  Two  portions,  of  100  cc.  each,  were  treated 
with  a  few  drops  of  very  dilute  hydrochloric  acid  and  heated  in 
a  boiling  water-bath.  The  coagulum  which  separated  was  col- 
lected on  a  filter  and  its  nitrogen  determined.  To  the  filtrate 
from  one  coagulum,  tannin  was  added  and  nitrogen  was  deter- 
mined both  in  the  precipitate  and  in  the  filtrate.  Another  lot  of 
20  grams  was  treated  in  the  sam6  way  and  nitrogen  determined 
in  the  heat-coagulum  formed  in  each  of  two  portions  of  100  cc. 
The  amount  of  nitrogen  corresponding  to  one  gram  of  germ  meal 
was  found  in  the  four  coagula  to  be,  0.0163  gram,  0.0156  gram, 
0.0159  gram,  and  0.0162  gram  ;  in  the  tannin  precipitate  0.0062 
gram  ;  and  in  the  solution  filtered  from  the  latter  0.0062  gram. 

Twenty  grams  of  germ  meal  were  extracted  with  500  cc.  of 
3  per  cent,  sodium  chloride  solution  heated  to  70**,  whereby  the 
leucosin  was  coagulated  and  the  globulin  and  proteose  dissolved. 
Of  the  clear  filtered  extract,  100  cc.  yielded  with  tannin  a  pre- 
cipitate containing  0.0166  gram  nitrogen  per  gram  of  meal 
extracted. 

Two  portions  of  the  meal,  each  of  one  gram,  were  exhausted 
with  3  per  cent,  sodium  chloride  solution  heated  to  70**,  and 
nitrogen  determined  in  the  residues.  The  0.0331  and  0.0309 
gram  of  nitrogen  found  in  the  residues  were  from  the  leucosin 
and  insoluble  nitrogenous  bodies,  so  that  the  nitrogen  belong- 
ing to  the  latter  equaled  0.0171  gram  and  0.0149  gram.  From 
the  average  of  these  figures  we  find  the  following  amounts  of  the 
different  forms  of  nitrogen  in  one  gram  of  the  wheat  germ  meal. 

Nitrogen. 
Gram. 

Insoluble  in  water  and  salt  solution 0.0160 

Insoluble  in  water  but  soluble  in  salt  solution  o.oioo  =  globulin  nitrogen. 
Soluble  in  water  and  coagulable  by  heat .  * .  •  0.0160  =  albumin 
Soluble  in  water,  uncoagulable  by  heat,  pre- 

cipitable  by  tannin 0.0050  =  proteose 

Not  precipitable  by  tannin 0.0060  «=  non-proteid 

Total  0.0530 

Found  by  direct  nitrogen  determination  ....  0.0531 


<( 


(C 
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We  have  shown  that  the  coagulated  leucosin  preparations 
contain  about  10  per  cent,  of  nucleic  acid,  the  globulin  about  15 
per  cent.,  while  those  of  the  proteose  contain  none.  Deducting 
these  quantities  from  the  nitrogen  given  in  the  table,  we  find 
9.5  per  cent,  of  the  embryo  to  be  leucosin,  4.84  per  cent,  to  be 
globulin,  and  3.03  per  cent,  to  be  proteose. 

The  bodies  which  are  represented  by  the  insoluble  nitrogen, 
we  have  been. unable  to  separate  from  the  embryo.  The  residue 
after  extraction  with  hot  salt  solution  contained  0.0076  gram  of 
phosphorus.  Since  there  was  in  this  residue  about  o.iooo  gram 
of  coagulated  leucosin,  in  which  we  have  usually  found  about 
I  per  cent,  of  phosphorus,  we  have  0.0061  gram  of  phosphorus 
remaining  over.  In  view  of  the  large  proportion  of  nucleic  acid 
found  in  the  extracts  of  the  embryo,  it  is  not  improbable  that 
this  phosphorus  mostly  belongs  to  nucleic  acid,  in  which  case 
there  would  be  about  6.75  per  cent,  of  nucleic  acid  containing 
0.0108  gram  of  nitrogen,  which  leaves  only  0.0052  gram  of 
nitrogen  for  proteid  matter  in  the  insoluble  residue.  It  seems 
probable,  therefore,  that  this  insoluble  nitrogen  largely  belongs  to 
compounds  of  the  proteid  with  relatively  much  nucleic  acid. 

DIGESTION   OF   THE    PHOSPHORUS-CONTAINING  PROTEIDS  WITH 

PEPSIN-HYDROCHLORIC  ACID. 

Letuosin  Nucleate, — Ten  grams  of  the  coagulated  albumin, 
preparation  2,  were  suspended  in  400  cc.  of  water  and  dissolved 
by  adding  100  cc.  of  N/io  potassium  hydroxide  solution.     To 
the  nearly  clear  solution  which  resulted,  an  equal  volume  of  0.4 
percent,  hydrochloric  acid  was  added,  together  with  some  pepsin, 
and  the  mixture  digested  at  37^     In  a  short  time  the  solution 
became  perfectly  clear,  but  later  deposited  a  large  coherent  pre- 
cipitate,  which    gradually    contracted,  but  at  the   same   time 
retained  the  form  of  the  lower  part  of  the  beaker.     From  this 
the  clear    solution  was  decanted,   the   precipitate  thoroughly 
washed  by  decantation,  suspended  in  water  and  dissolved  by 
adding  28  cc.  of  N/io  potassium  hydroxide  solution,  an  amount 
of  alkali  just  sufficient  to  dissolve  all  the  substance  and  at  the 
same  time  make  the  solution  neutral  to  litmus.     When  to  this 
solution  decinormal  acid  was  gradually  added,  no  precipitate 
appeared  until  nearly  one- half  the  quantity  of  acid  required  for 
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complete  neutralization  had  been  added,  but  with  28  cc.,  the 
solution  was  neutralized  and  also  completely  precipitated,  the 
addition  of  2  cc.  more  acid  giving  no  turbidity  in  the  solution 
filtered  from  the  precipitate.  This  precipitate  was  washed  with 
water  and  with  alcohol  and  dried  over  sulphuric  acid,  forming 
preparation  41,  weighing  1.54  grams. 

To  precipitate  this  substance  a  quantity  of  acid  was  added 
exceeding  that  of  the  alkali  employed  for  solution  by  just  2  cc. 
The  filtrate  from  the  precipitate,  however,  required  not  2  cc.  of 
alkali,  but  8.5  cc.  for  neutralization  to  phenolphthalein,  show- 
ing 6.5  cc.  of  alkali  to  have  been  neutralized  by  the  acid  of  the 
nuclein  originally  dissolved.  The  neutralized  filtrate  left,  on 
evaporfition,  0.3975  gram  of  substance,  the  aqueous  solution  of 
which  was  precipitated  by  hj'drochloric  or  nitric  acid,  but  tiothy 
ammonium  molybdate  solution  until  after  boiling  with  acid  for 
some  little  time,  when  yellow  phosphomolybdate  was  precipitated. 
These  facts  indicate  the  presence  in  this  filtrate  of  a  nucleic  acid. 

More  nuclein  was  made  from  the  same  preparation,  2«  by 
suspending  30  grams  in  0.2  per  cent,  hydrochloric  acid,  con- 
taining pepsin,  which,  even  at  20**,  caused  within  two  hours  com- 
plete solution  of  the  coagulated  proteid.  The  solution  was 
digested  at  37**  for  forty-eight  hours,  during  which  time  much 
nuclein  separated,  having  the  appearance  and  properties  of  the 
preparation  just  described. 

After  decanting  the  clear  solution  and  thoroughly  washing  the 
residual  nuclein,  the  latter  was  suspended  in  water  and  dissolved 
in  72  cc.  N/io  potassium  hydroxide.  The  solution  thus  obtained 
was  made  neutral  to  litmus  by  adding  11  cc.  of  N/ 10  hydro- 
chloric acid,  but  no  precipitate  appeared  till  1.5  cc.  more  of  acid 
were  added.  To  the  solution  72  cc.  N/io  hydrochloric  acid 
were  added,  giving  a  precipitate  which,  when  washed  and  dried, 
made  preparation  42  and  weighed  3.4  grams.  The  filtrate  from 
this  precipitate,  as  in  the  former  case,  was  strongly  acid,  requir- 
ing 12  cc.  of  N/io  potassium  hydroxide  to  neutralize  it  to  phenol- 
phthalein. Two  other  preparations  of  nuclein  were  made  from 
8.493  grams  of  8,  and  9.804  grams  of  ii»  both  being  substances 
precipitated  from  the  aqueous  extract  by  saturating  with  sodium 
chloride.  Bach  portion  was  suspended  in  about  300  cc.  of  0.2 
per  cent,  hydrochloric  acid,  containing  o.i  gram  of  pepsin  and, 
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with  frequent  stirring,  digested  at  40"  for  twenty-four  hours. 
Throughout  the  digestion  a  large  part  of  the  substance  remained 
undissolved.  An  equal  volume  of  0.2  per  cent,  hydrochloric 
acid,  containing  o.i  gram  of  pepsin,  was  again  added  to  each 
and  the  digestion  continued  for  twenty-four  hours  longer.  The 
insoluble  matter  which  remained  was  not  coherent  like  the  two 
former  nuclein  products,  but  consisted  of  a  white,  very  finely 
divided  substance  which  was  easily  filtered  out  and  washed. 
After  dehydrating  with  absolute  alcohol  these  preparations  were 
dried  over  sulphuric  acid  ;  from  8,  4.04  grams  of  preparation  43 
were  obtained  and  from  1I9  4.16  grams  of  44* 

Globulin  Nucleate. — Fifteen  grams  of  a  mixture  of  nearly  equal 

parts  of  the  globulin  preparations  23  and  24  were  next  suspended 

in  0.2  per  cent,  hydrochloric  acid,  containing  0.2  gram  of  pepsin, 

which,  within  a  short  time,  almost  completely  dissolved  the  pro- 

teid  matter.     From  this  solution,  on  further  digestion,  the  nuclein 

separated,  forming  a  coherent  deposit.   After  seventy-two  hours* 

digestion,  the  clear  solution  was  decanted,  the  deposit  dissolved 

in  a  little  ammonia  and  its  solution  filtered  perfectly  clear  from 

a  very  slight  gelatinous  residue.     The  resulting  solution  was 

then  treated  with  acetic  acid,  added  in  excess  of  the  amount 

necessary  to  neutralize  the  solution  to  litmus.     Since,  even  on 

standing,  the  precipitate  so  produced  separated  imperfectly,  an 

equal  volume  of  alcohol  was  added.     The  substance,  which  then 

separated  well,  was  filtered  out,  washed  with  dilute  and  with 

absolute  alcohol  and  dried    over  sulphuric  acid,  giving   2.38 

grams  of  preparation  45»  or  about  16  per  cent,  of  the  original 

substance. 

The  filtrate  from  the  acetic  acid  precipitate  gave  a  further 
slight  precipitate  on  adding  hydrochloric  acid,  which  had  proper- 
ties characteristic  of  nucleic  acid. 

Still  another  preparation  of  nuclein  was  made  from  the  globu- 
lin by  suspending  10  grams  of  27  in  water  and  adding  50  cc.  of 
N/io  potassium  hydroxide.  This  solution  was  neutralized 
and  an  equal  volume  of  0.4  per  cent,  hydrochloric  acid  at  once 
added,  producing  a  turbid  solution,  which,  however,  contained 
no  visible  particles.  To  this,  pepsin  was  added  and  the  mixture 
digested  for  forty  hours,  during  which  time  a  coherent  deposit 
of  nuclein  formed  on   the  bottom  of  the  beaker.     From  this. 
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the  clear  solution  was  decanted.  The  deposit  was  then  thor- 
oughly washed  with  water  and  dissolved  in  43  cc.  of  N/io  potas- 
sium hydroxide.  To  this  clear  solution  43  cc.  of  N/io  hydro- 
chloric acid  were  added,  causing  a  gummy  precipitate  which 
could  not  be  filtered  until  15  cc.  more  acid  had  been  added, 
when  the  precipitate  rapidly  settled  as  a  coherent  deposit,  from 
which  the  solution  was  soon  decanted.  This  solution  required 
for  neutralization  to  litmus  16  cc.  N/io  potassium  hydroxide, 
and  to  phenolphthalein  18  cc.  The  precipitate,  when  washed 
and  dried,  gave  2.2  grams  of  preparation  46. 

These  six  preparations  were  all  dried  at  i  lo**  and  analyzed  with 
the  following  results : 

Table  VIII.— Composition  of  Nuclein  from  the  Proteids  of  the 

Wheat  Embryo. 

41  42  43  44  45  46 

Carbon 44.87  44-35  42.68  43.35  39.42  41.92 

Hydrogen 5.82  5.77  5.45  5.47  5.03  5.25 

Nitrogen 16.04     •  16.64  16.12  16.01  16.05  17.00 

.Sulphur 0.97  1.03  0.65  0.85  0.53  0.46 

Phosphorus...  4.58  5.07  5.32  4.88  5.27  5.63 

Ash 0.60  0.78  1.72  1.72  17.42  1.17 

PjOs  in  ash 0.29  0.55  1.24  0.94  10.56  0.69 

If  we  subtract  from  the  total  ash  the  amount  of  phosphorus 
pentoxide  found  in  it,  we  shall  have  a  determination  of  the  bases 
contained  in  the  ash  of  these  preparations. 

We  have  calculated  these  analyses  of  nuclein  free  from  the 
bases  of  the  ash  and  from  nucleic  acid,  in  the  way  previously 
described,  with  the  following  results : 

Table  IX.— Composition  of   Protein  Matter  Contained   in  the 

NUCLKIN. 

41  42            43           44  45           46 

Carbon 53.65  54.77  51.80  52.36  52.30  51.64 

Hydrogen  ....     7.23  7.46          6.85          6.73  6.91          6.60 

Nitrogen 16.68  17.56  16.31  16.31  19.31  18.83 

Sulphur 1.98          2,37          1. 61          1.89  1.53          1,25 

Oxygen 20.46  17.84  23.43  22.71  19.95  21.58 

100.00       100.00      100.00      100.00        100.00      100.00 

The  composition  of  the  proteid  matter  hi  43  and  44  is  very 
nearly  that  of  leucosin  except  as  regards  sulphur,  the  amount  of 
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which    is  decidedly  greater.     On  the  other  hand,  41  and  42, 
which  also  were  derived  from  preparations  whose  protein  matter 
was  leucosin,  differ  in  composition  very  decidedly  from  that  sub- 
stance.    This  is  probably  because  on  pepsin  digestion  the  sub- 
stance  of    preparations  43  and  44  remained  throughout  undis- 
solved,   w^hereas  41  and  42  separated  on  pepsin  digestion  from 
nearly  clear  solutions  and  therefore  doubtless  their  protein  matter 
had  been  to  some  degree  altered  by  the  pepsin  before  separating 
as  an  insoluble  compound  with  nucleic  acid.     The  two  nucleins, 
45  and  46,  from  the  globulin  which   also  had  separated  from 
solution,  show  similar  differences  in  composition  when  compared 
with  the  unaltered  globulin,  carbon  and  nitrogen  being  higher 
and  sulphur  very  much  higher  than    in  the  globulin.     The 
greatly  increased  proportion  of  sulphur  would  indicate  that  sul- 
phur in  some  acid  form  had  split  irom  the  proteid   molecules 
undergoing  hydrolysis  and  had  become  a   part  of  the  insoluble 
nuclein,  as  did  the  nucleic  acid. 

CONCLUSION. 

The  embryo  of  the  wheat  kernel  contains : 

I.  A  nucUic  acid  in  considerable  quantity.  This  acid  is 
insoluble  in  water,  forms  soluble  as  well  as  insoluble  compounds 
with  proteid  substances,  and  on  hydrolysis  yields  guanin,  adenin, 
phosphoric  acid,  and  other  products  not  yet  identified.  It  has 
the  following  composition : 

Nucleic  Acid.   ' 

Carbon 36.48 

Hydrogen 4-48 

Nitrogen 16.17 

Phosphorus 8.96 

Oxygen 3391 

100.00 

This  acid  is  not  identical  with  any  nucleic  acid  heretofore 
described.  On  hydrolysis  it  does  not  yield  any  form  of  sugar. 
From  guanylic  acid  recently  described  by  Bang  it  also  differs 
distinctly,  in  that  its  potash  salt  is  extremely  soluble  in  cold 
water  and  the  ratio  of  phosphorus  to  nitrogen,  being  i  to  4 
instead  of  i  to  5. 

2.  Leucosin,  an  albumin  (yield  about   10   per   cent,   of  the 
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embryo)  formerly  found  by  the  writer  in  small  quantity  in  the 
whole  kernel  of  wheat,  rye,  and  barley,  and  abundantly  in  malt. 
Leucosin  begins  to  separate  as  a  flocculent  coagulum  when  the 
very  slightly  acid  aqueous  extract  of  the  wheat  kernel  or  wheat 
embryo  is  heated  to  52**.  Even  after  long  heating  at  65*",  the 
leucosin  is  only  partly  separated,  and  about  one-third  more 
coagulum  of  the  same  elementary  composition  is  obtained  on 
raising  the  temperature  from  65°  to  100°. 

By  saturating  extracts  of  the  kernel  or  of  the  embryo  with 
sodium  chloride,  the  leucosin  is  largely  precipitated  from  the 
former  as  a  substance  readily  soluble  again  in  water,  from  the 
latter  as  an  insoluble  compound  containing  about  30  per  cent,  oi 
nucleic  acid.  Prom  the  latter  precipitate,  dilute  salt  solutioo 
extracts  a  small  amount  of  nearly  phosphorus-free  proteid,  which 
behaves  like  a  globulin,  being  precipitated  by  dilution  or  by 
dialysis,  but  having  essentially  the  same  ultimate  composition 
as  leucosin. 

By  dialyzing  the  aqueous  extract  in  water,  nearly  all  the  leu- 
cosin contained  in  it  is  precipitated,  not  like  a  globulin,  but  as 
an  insoluble  compound  containing  about  20  per  cent,  of  nucleic 
acid.  The  following  figures  give  the  average  of  accordant 
analyses,  calculated  nucleic  acid-free,  of  18  different  preparations 
representing  complete  as  well  as  fractional  precipitations  under 
the  above  and  other  conditions.  These  figures  agree  closely 
with  the  composition  of  the  leucosin  of  wheat,  rye,  barley,  and 

malt. 

Leucosin. 

Carbon 52.65 

Hydrogen 7.04 

Nitrogen 16.43 

Sulphur : 1.32 

Oxygen 22.56 

100.00 

3.  A  globtUin^  precipitated  in  spheroids  by  dialysis  and  by 
dilution  as  a  coherent  deposit.  The  yield  is  about  5  per  cent, 
of  the  embryo.  The  solution  of  this  globulin  in  10  per  cent. 
sodium  chloride  brine  becomes  turbid  on  heating  to  about  87**, 
and  at  90°,  on  continued  heating,  a  considerable  flocculent 
coagulum  separates. 


NUCLEIC  ACID  OF  THE   WHEAT  EMBRYO.  411 

Our  preparations  of  this  globulin  contained  from  6  to  17  per 
cent,  of  nucleic  acid,  most  of  them  from  12  to  15  per  cent.  From 
this  the  proteid  could  not  be  separated  by  fractional  precipitation. 

Analyses  of  ten  di£ferent  preparations  of  this  globulin  gave 
very  closely  agreeing  figures  when  calculated  free  from  nucleic 
acid,  the  average  of  which  is  as  follows  : 

Globulin. 

Carbon 51-57 

Hydrogen 7.07 

Nitrogen 18.60 

Snlphur 0.65 

Oxygen 22.11 

100.00 

In  composition  and  properties  this  globulin  agrees  with  that 
found  by  the  writer  in  the  kernels  of  wheat,  rye,  and  barley.  So 
far  as  we  hatve  been  able  to  observe,  it  differs  from  edestin,  the 
crystalline  globulin  obtained  from  seeds  of  hemp,  flax,  and 
squash  only  in  containing  two-thirds  as  much  sulphur. 

4.  Proteose^  precipitated  by  saturating  the  aqueous  extract, 
freed  from  globulin  and  albumin,  with  salt.  One  preparation, 
35,  was  phosphorus-free,  and  had  the  following  composition  : 

Proteose. 

Carbon 49<94 

Hydrogen 6.80 

Nitrogen 17.08 

Sulphur 1.24 

Oxygen 24.94 

100.00 

5.  Proteose,  soluble  in  the  salt-saturated  solution  filtered  from 
the  foregoing  proteose  and  obtained  free  from  phosphorus  by 
precipitating  with  alcohol  its  solution  freed  from  salt  by  dialysis. 
The  average  of  analyses  of  four  preparations  of  this  proteose  is 
the  following : 

Proteose. 

Carbon 48.65 

Hydrogen 6.75 

Nitrogen 16.68 

Snlphur i.io 

Oxygen 26.82 

100.00 
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These  proteoses  together  form  about  3  per  cent,  of  the  embryo. 

6.  About  one- third  of  the  total  nitrogen  of  the  embryo  is  not 
extracted  by  water  and  salt  solutions  and  appears  to  belong  to 
insoluble  compounds.  This  nitrogen  is  accompanied  by  phos- 
phorus corresponding  to  about  6.75  per  cent,  of  nucleic  acid, 
which  would  contain  two- thirds  of  this  insoluble  nitrogen.  It 
seems  probable,  therefore,  that  this  insoluble  nitrogen  belongs 
largely  to  insoluble  compounds  of  nucleic  acid  and  protein. 

7.  These  phosphorus-containing  preparations  of  globulin  and 
leucosin,  when  digested  with  pepsin-hydrochloric  acid,  yield 
nuclein  in  proportion  to  the  phosphorus  which  they  contain. 
Calculated  free  from  nucleic  acid,  the  analyses  of  these  nucleins 
show  the  protein  constituent  to  have  nearly  the  same  composi- 
tion as  the  proteid  from  which  they  were  derived,  the  most 
marked  difference  being  a  greater  proportion  of  sulphur  in  the 
former. 

8.  The  proteids  of  the  enxbryo  differ  from  those  of  the  dormant 
endosperm,  of  this  as  well  as  of  other  seeds,  in  the  facility  with 
which  they  undergo  changes.  These  changes  are  the  result  of  a 
redistribution  of  acids  among  the  protein  and  other  basic  mole- 
cules, so  that  compounds  form  in  the  extracts  of  the  embryo 
which  contain  various  proportions  of  nucleic  acid  according  to 
the  changing  conditions. 

The  writer  has  shown  that  the  globulin,  edestin,  forms  crystal- 
line compounds  with  one  and  with  two  molecules  of  acid  and 
also  compounds  with  a  greater  number  of  acid  molecules. 
There  is  reason  to  believe  that  all  other  native  protein  substances 
form  similar  compounds  ;  in  other  words,  that  proteins  are  dis- 
tinctly polyacid  bases  and  that  the  acid  characters  which  proteids 
display  are  due  to  acids  united  to  their  protein  molecules  prob- 
ably in  the  same  manner  as  in  the  salts  of  the  purin  bases. 

These  nucleic  acid  compounds  of  the  protein  constituents  of  the 
wheat  embryo  appear  to  be  compounds  of  this  order.  According 
to  this  view,  no  special  distinction  can  be  made  between  nucleins 
and  nucleoproteids,  the  former  being  simply  compounds  contain- 
ing a  greater  number  of  molecules  of  nucleic  acid  united  to  one 
molecule  of  protein. 

That  the  wheat  embryo  in  fact  contained  the  same  nucleic 
acid  compounds  as  we  have  obtained  from  the  extracts,  is  highly 
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improbable.  All  that  we  can  conclude  is  that  the  embryo  con- 
tains the  different  protein  substances  described,  together  with 
nucleic  acid,  and  that  these  may  unite  to  form  a  number  of 
different  compounds  according  to  the  conditions  which  prevail 
at  any  given  time. 


THE  PROTEIDS  OF  THE  EGG  YOLKJ 

By  Thomas  B.  Osbormb  and  Georob  P.  Campbell. 

Reccired  June  i6,  1900. 

The  yolks  of  a  large  number  of  freshly  laid  hens*  eggs  were 
broken  up  by  straining  through  a  sieve  and  mixed   with  an 
equal  volume  of  saturated  pure  sodium  chloride  brine.     A  some- 
what turbid  solution  resulted,  which  was  shaken  out  with  about 
one-third  its  volume  of  ether,  containing  a  little  alcohol.     After 
standing  one   night,  a  clear  reddish  ethereal  layer  separated, 
leaving  the  pale  yellow  aqueous  solution  almost  clear.     After 
shaking  out  a  second  time  with  ether  the  aqueous  solution  was 
dialyzed  for  forty-eight  hours,  whereupon  a  large  quantity  of 
proteid  separated  in  spheroids  which  united  to  a  salvy  mass. 
This  was  freed,   as  far  as  possible,  from  the  liquid,  by  draining 
on  filters,   redissolved  in    lo  per  cent,   brine  and  its  solution 
dialyzed  for  three  days.     Prom  the  semisolid  mass  thus  obtained 
the  liquid  was  decanted  and  the  precipitate  dissolved  in  lo  per 
cent  brine.     A  little  transparent  gummy  substance  (lecithin?) 
remained  undissolved   which  rendered  filtration  very  difficult. 
By  filtering  under  considerable  pressure   on  a  thick  layer  of 
paper  pulp'about  700  cc.  ol perfectly  ^/far  filtrate,  a^  and  2,000  cc. 
of  very  nearly  clear  filtrate,  ^,  were  obtained.     The  latter,  by  was 
dialyzed  for  four  days,  when  the  large  deposit  was  filtered  out 
and  treated  with  about    a  liter  of  salt  solution.     A  gelatinous, 
almost  pasty  mixture  resulted,  which  was  shaken  out  with  ether. 
The  two  liquids  at  once  separated,  the  ethereal  being  clear  and 
strongly  yellow  in  color  and  the  aqueous  almost  perfectly  clear 
and  not  at  all  gummy.     Shaken  out  three  times  more  with  ether, 
this  aqueous  solution  became  suddenly  opaque  and  gelatinous. 
The  mass  was  dialyzed  free  from  chlorides,  the  solid  deposit  was 
washed  with  alcohol  and  with  ether  and  dried  over  sulphuric 

^  Prom  advance  sheets  of  the  report  of  the  Connecticut  Agricultural  Experiment 
Station  for  1899,  communicated  by  the  authors. 
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acid,  giving  preparation  i,  weighing  60  grams.  The  dear 
solution,  a  (7oocc.)i  was  diluted  with  three  volumes  of  distilled 
water,  and  allowed  to  stand  over  night  at  a  temperature  of  6'. 
The  proteid,  which  had  separated  on  dilution,  soon  settled 
as  a  clear,  transparent  layer,  from  which  the  clear  solution, 
Cy  was  decanted  completely.  The  proteid  was  readily  and 
completely  soluble  in  10  per  cent,  brine  to  a  perfectly  clear 
pale  yellow  solution,  which,  when  dialyzed  until  wholly  free 
from  chlorides,  yielded  the  proteid  in  spheroids  that  subsequentlj 
united  to  a'  semisolid  mass.  The  latter  was  filtered  out,  washed 
thoroughly  with  water  and  with  alcohol,  and  dried  over  sul- 
phuric acid,  giving  32.1  grams  of  preparation  2.  The  solution, 
c  (decanted  from  the  precipitate  produced  by  dilution  that 
yielded  2),  was  treated  with  1,000  cc.  more  water.  This  caused 
a  precipitate  which  within  two  hours  formed  a  semifluid 
deposit.  From  this  the  solution,  d,  was  decanted,  and  the 
deposit  dissolved  in  brine  yielding  a  perfectly  clear  solution, 
which  was  dialyzed  until  free  from  chlorides. 

The  proteid  thus  precipitated  was  filtered  out,  washed  with 
absolute  alcohol  as  long  as  anything  could  be  removed  thereby, 
and  then  dried  over  sulphuric  acid,  giving  preparation  3,  weigh- 
ing 16.5  grams. 

The  solution,  d,  was  dialyzed  free  from  chlorides,  the  precipi- 
tated spheroids  were  filtered  out,  washed  with  absolute  alcohol 
and  dried  over  sulphuric  acid,  making  5  grams  of  preparation  4. 

The  solution,  page  413,  filtered  after  forty-eight  hours' 
dialysis  from  the  substance  that  yielded  the  foregoing  prepara- 
tions, was  further  dialyzed  until  almost  all  its  dissolved  proteid 
had  separated. 

The  precipitate  thus  produced  was  filtered  out,  dissolved  in 
brine  and  the  solution  shaken  out  three  times  with  ether.  On 
shaking  out  the  third  time,  the  solution  suddenly  changed  to 
an  opaque  jelly.  This  was  then  placed  in  a  dialyzer,  and  when 
all  the  salt  had  been  removed,  the  insoluble  proteid  was  washed 
with  absolute  alcohol  until  everything  soluble  therein  was 
extracted.  Dried  over  sulphuric  acid,  this  preparation,  5» 
weighed  75  grams.  All  these  preparations  were  dried  at 
no®  and  analyzed  with  the  following  result : 
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12              3  4              5 

Carbbn 50.82  51.21  51.10  50.69  50.48 

Hydrogen 7.11          7,07          7.21  7.06  7.11 

Nitrogen 16.04  16. 11  16.23  16.40  15.50 

Sulphur 1. 1 1          1.05          1. 00  1.05  1.02 

Phosphorus 0.91          0.81          0.79  1.20  0.96 

Ash 2.37          2.49          1.56  3.23  3.19 

P2O5  in  ash 1.65          1.79          1.14  2.30  2.15 

The  ash  of  all  these  preparations  consisted  of  sodium  meta- 
phosphate  containing  about  70  per  cent,  of  P,Oj.  We  have 
therefore  subtracted  from  the  total  ash  its  phosphorus  .pent- 
oxide,  the  remainder  representing  the  ash  to  be  deducted  in  cal- 
culating the  percentage  composition  of  the  proteid  substance. 

Any  chlorine  or  sulphur  that  might  belong  to  the  ash  would 
necessarily  be  lost  during  incineration. 

Calculating  these  preparations  free  from  ash,  as  thus  cor- 
rected, we  have : 

1  2  3  4  5 

Carbon 51.18        51.56        51.31        51.16        51.00 

Hydrogen 7.14  7.12  7.24  7.12  7.18 

Nitrogen 16.16        16.23        16.30        16.55        15.66 

Sulphur 1. 12  1.06  i.oo  i.o6  1.03 

Phosphorus 0.92         0.82  0.79  1.21  0.97 

Oxygen 23.48        23.21        23.36        22.90        24.16 

100.00        100.00     100.00       100.00     100.00 

I  and  5  represent  the  two  main  fractions  that  weighed  60  and 
75  grams  respectively  ;  while  2,  3,  and  4  represent  fractions  of  i, 
whose  weights  were  respectively  32,  16.5,  and  5  grams. 

In  composition  all  are  nearly  alike.  A  little  more  phosphorus 
was  found  in  4  than  in  the  other  preparations,  probably  because 
a  larger  proportion  of  some  phosphorus-containing  acid  was 
combined  with  the  protein  of  this  final,  very  soluble  fraction, 
which  formed  less  than  10  per  cent,  of  the  total  vitellin. 

We  have  not  yet  succeeded  in  preparing  this  phosphorized 
acid  free  from  proteid.  The  body,  which  we  have  thus  prepared 
from  egg  yolk  and  analyzed,  is  not  present,  as  such,  in  the  egg, 
for  the  proteid  substances  of  the  yolk  are  readily  and  wholly 
soluble  in  salt  solution,  whereas  all  these  preparations  are 
entirely  insoluble  in  salt  solution.  Insolubility  in  the  cases  of 
2,  3,  and  4  was  caused  by  \yashing  with  alcohol,  which  at  the 
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same  time  removed  much  lecithin.  I^ecithin  was  not  present  as 
an  admixture,  but  was  chemically  combined  with  the  proteid, 
forming  a  compound  soluble  in  saline  solutions  and  having  the 
properties  of  globulin,  as  is  shown  by  the  following  experiments. 

A.  The  alcoholic  washings  from  the  three  successive  frac- 
tions, 2,  3,  and  4t  were  evaporated  and  left  residues  of  crude 
lecithin  weighing  6.4796,  3,5913,  and  1,3150  grams,  respectively. 
Adding  these  quantities  to  the  weights  of  the  corresponding 
fractions  dried  at  i  lo"*,  we  have  the  amounts  of  lecithin-protein 
compound  originally  composing  them.  These  contained  18.00, 
19.4,  and  22.23  percent,  of  lecithin,  respectively. 

B.  The  yolks  of  two  eggs  were  directly  extracted  with  ether 
until  practically  nothing  more  was  removed.  The  residual 
matter  was  then,  as  far  as  possible,  dissolved  in  10  per  cent,  salt 
solution,  filtered  perfectly  clear  and  the  solution  diluted  with 
water  until  an  abundant  precipitate  separated.  This  was  filtered 
out,  dissolved  in  salt  solution,  and  filtered  perfectly  clear.  This 
solution  and  that  filtered  from  the  precipitate  previously  produced 
by  diluting  with  water  were  separately  dialyzed. 

The  proteid  precipitates  thus  obtained  were  filtered  out  and 
washed  with  water  and  alcohol.  The  part  precipitated  by  dilu- 
tion was  found  to  contain  17.5  per  cent,  of  lecithin,  that  which 
remained  in  the  diluted  brine,  22.3  per  cent., — results  in  pretty 
close  accord  with  those  already  stated. 

C.  Part  of  a  large  quantity  of  yolk  vitellin  which  had  sud- 
denly become  insoluble  on  shaking  with  ether,  was  thoroughly 
washed  with  water  and  then  completely  extracted  with  alcohol 
until  all  the  lecithin,  equal  to  13.31  per  cent,  was  removed.  The 
solution,  from  which  the  above  large  quantity  of  insoluble  pro- 
teid had  originally  separated,  still  contained  a  little  protein  mat- 
ter and  was  therefore  saturated  with  ammonium  sulphate  and  the 
salt  solution  of  the  precipitate  so  produced  was  dialyzed.  The 
substance  which  then  separated  in  spheroids,  after  thorough 
washing  with  water,  was  still  readily  soluble  in  salt  solution, 
but  when  washed  with  alcohol  became  insoluble  and  yielded  to 
the  alcohol  24.2  per  cent,  of  lecithin. 

Hoppe-Seyler  considered  this  lecithin  to  be  chemically  com- 
bined with  the  proteid,  with  which  view  our  experience  is  in  full 
harmony.      It  is   not    possible    that    such  large   quantities  of 
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lecithin  are  simply  admixed  with  the  protein  matter,  for  were 
this  the  case  it  could  be  readily  removed  by  ether.  Further- 
more we  could  not  dissolve  a  mixture  of  globulin  and  lecithin  in 
brine  and  obtain  a  clear  solution  easy  to  filter.  That  the  proteid 
should  unite  with  lecithin  is  to  be  expected,  since  protein 
readily  combines  with  acids^  We  must,  accordingly,  consider 
the  protein  of  egg  yolk  to  be  largely,  if  not  wholly,  a  lecithin 
compound  which  dissolves  in  salt  solution,  and  behaves  like  a 
globulin. 

Saline  extracts  of  egg  yolk,  like  those  of  plant-seeds,  contain, 
according  to  circumstances,  mixtures  of  compounds  of  the  pro- 
tein molecule  with  several  different  numbers  of  molecules  of 
lecithin,  of  which  the  more  soluble  compounds  contain  the  larger 
number  of  acid  molecules. 

That  we  find  such  a  large  proportion  of  lecithin  in  these  com- 
pounds is  accounted  for  by  its  great  molecular  weight.  If  the 
molecular  weight  of  the  protein  were  15,000,*  its  compound  with 
four  molecules  of  lecithin  would  contain  over  17  percent,  of  the 
latter. 

Although  we  are  not  yet  in  a  position  to  distinguish  between 
these  several  compounds,  it  is  nevertheless  now  necessary  to 
make  a  distinction  between  the  vitellin  as  it  exists  in  the  yolk, 
combined  with  lecithin,  and  the  insoluble  substance  free  from 
lecithin,  which  we  have  prepared  and  analyzed.  As  the  desig- 
nation vitellin  has  generally,  if  not  always,  been  understood  to 
apply  to  a  protein  substance,  we  suggest  that  this  term  be  hence- 
forth reserved  for  the  protein,  which  in  egg-yolk  is  united  to 
lecithin  and  not  to  the  compounds  formed  by  their  union,  which 
may  more  properly  be  called  lecithin- vitellin. 

These  considerations  raise  the  question,  are  the  preparations 
analyzed,  vitellin,  as  defined  above,  or  are  they  compounds  of 
this  protein  with  some  other,  at  present  unknown  substance. 
Since  the  preparations  yield  paranuclein  on  digestion  with  pepsin, 
it  appears  highly  probable  that  they  contain  paranucleic  acid, 
but  in  less  proportion  than  occurs  in  paranuclein. 

To  test  this  hypothesis  we  treated  10  grams  preparation  5 
with  100  cc.  of  N/io  potassium  hydroxide  solution,  and  after 

^  We  have  pointed  out  in  a  former  paper  (This  Journal,  ai,  486),  the  reasons  which 
make  it  probable  that  the  weight  of  the  protein  molecule  may  be  about  15,000. 
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Standing  some  time  added  enough  0.4  per  cent,  hydrochloric 
acid  to  neutralize  the  alkali  and  give  an  excess  of  acid  equal  to 
0.2  per  cent,  of  the  solution.  Pepsin  was  then  intermixed  and 
the  solution  digested  at  40**  for  forty  hours.  After  some  time 
a  voluminous  precipitate  separated  from  the  nearly  clear  liquid. 
This  was  filtered  out,  washed  thoroughly  with  water,  and  mixed 
with  45  cc.  N/io  potassium  hydroxide  solution,  which  dissolved 
the  precipitate  and  just  neutralized  its  acid  reaction  to  phenol- 
phthalein.  This  solution  was  filtered  perfectly  clear  and  45  cc 
of  N/io  hydrochloric  acid  were  added,  which  threw  out  the 
paranuclein  as  a  voluminous  gelatinous  precipitate.  This  was 
filtered  out,  washed  thoroughly  with  water  and  with  alcohol,  and 
dried  over  sulphuric  acid.  This  preparation,  6,  weighed  2.3S 
grams.  Another  preparation  of  paranuclein  was  made  by 
suspending  50  grams  of  preparation  5  in  0.2  per  cent,  hydro- 
chloric acid,  adding  pepsin  and,  after  digesting  for  twenty-four 
hours,  adding  more  acid  and  pepsin  and  continuing  the 
digestion  twenty-four  hours  longer.  The  insoluble  paranuclein 
was  then  filtered  out,  washed  thoroughly  with  water  and  with 
alcohol,  and  dried  over  sulphuric  acid.  It  weighed  15.7  grams. 
Preparation  73 

The  yolks  of  120  eggs  were  mixed  with  an  equal  volume  of 
saturated  sodium  chloride  brine  and  the  mixture  was  shaken 
with  ether  containing  a  little  alcohol.  A  perfectly  clear  red- 
yellow  ether-layer  and  a  clear  pale  yellow  aqueous  layer  soon 
separated.  The  ether  was  drawn  off  and  the  aqueous  solution 
again  shaken  with  ether,  which  caused  a  part  of  the  proteid  to 
become  insoluble,  rendering  the  solution  opaque  and  gelatinous. 
After  the  ether  had  separated,  the  aqueous  solution  wasdialyzed 
until  free  from  chlorides,  when  it  was  filtered  and  the  very 
voluminous  precipitate  was  suspended  in  4  liters  of  0.2  per 
cent,  hydrochloric  acid  and  digested  with  3  grams  of  pepsin. 
After  twenty-four  hours  the  solution  was  decanted  from  a  large 
deposit  of  insoluble  matter ;  the  latter  .was  mixed  with  about  one- 
third  its  volume  of  0.4  per  cent,  hydrochloric  acid  and  the 
digestion  continued  forty-eight  hours  longer,  whereby  the 
amount  of  insoluble  matter  was  much  reduced.  The  latter  was 
then  filtered  out  and  repeatedly  extracted  with  alcohol  until  the 
evaporated  alcoholic  washings  left  no  residue.     This  required  a 
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large  quantity  of  alcohol  and  more   than  a  week  of  time.     The 
residue,  air  dried,  weighed  32  grams  and  formed  preparation  8. 
These  preparations  were  then   dried  at    1 10®  and   analyzed, 
with  results  as  follows : 

Composition  of  Paranuclein. 

6  7  8 

Carbon   46.69  47-2^  44-43 

Hydrogen..... 6.77  6.00  6.52 

Nitrogen 14.66    ,  14.64  14.34 

Sulphur '.  0.86  0.94  0.82 

Phosphorus 3.29  2.52  4.19 

Ash    1.89  5.01  3.43 

PjOs  in  ash 0.83  2.47  i  .61 

Assuming  that  the  yolk  proteid  and  the  paranuclein  are  both 
compounds  of  paranucleic  acid,  we  should  be  able  to  calculate 
the  composition  of  the  protein  substance  in  our  preparations  if 
we  knew  the  composition  of  this  acid.  Unfortunately  we  do  not 
know  this  acid  in  the  free  state. 

Liebermann  and  others  have  thought  that  paranucleic  acid  is 
identical  with  meta phosphoric  acid,  but  we  think  it  extremely 
improbable  that  metaphosphoric  acid  can  exist  in  animal  tissues. 

In  seeking  to  harmonize  the  analyses  of  paranuclein  with  those 
of  the  paranucleoproteid  we  find  that  they  are  brought  into  more 
or  less  accordance  by  reckoning  them  free  from  ash  and  from 
certain  phosphoric  acid  radicals.  Assuming  that  the  hydrogen 
of  the  phosphoric  acid  is  replaced  by  protein,  we  have  **  cor- 
rected "  our  analyses  for  the  following  phosphoric  acids;  viz,, 
HPO„  H3PO,,  H,P,0.,  and  H,PO,  by  subtracting  from  the  ash 
its  P,Oj  and  to  the  remainder  (the  bases)  adding  the  phosphorus 
and  oxygen  of  the  respective  acids  and,  after  deducting  their  sum 
from  100,  recalculating  these  remainders  to  percentage  state- 
ments. 

Corrected  for  PO,  we  find  no  satisfactory  agreement,  as  is 
shown  by  the  following  figures  obtained  by  thus  correcting  the 
analyses  of  preparations  2  and  6. 

2  6 

Carbon 52.68  50.86 

Hydrogen 7.28  7.37 

Nitrogen . . .' 16.57  15.97 

Sulphur 1.08  0.94 

Oxygen 22.39  24.86 

100.00  100.00 
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Correcting  for  the  other  three  acids,  however,  we  find  a  close 
agreement  between  all  the  analyses  of  the  preceding  prepara- 
tions as  is  seen  in  the  following  tables  : 

Composition  of  the  Paranucleoproteid  and  the  Paranuclein  Cal- 
culated FREE  FROM  PO4  AND  ASH. 

Paranucleoproteid.  Parannclein. 

12            3             4  5             6  7             8 

Carbon 52.67      52.89  52.59  53.14  52.57  52.54  53.17  52.12 

Hydrogen.     7.37         7.30        7.42  7.40^  7.40        7.60  7.57  7.64 

Nitrogen..   16.62       16.64  16.70  17.19  16.11  16.50  16.31  16.S0 

Sulphur...     1. 15        1.09         1.03  1. 10  1.06        0.96  1.05  0.96 

Oxygen...  22.19       22.08  22.26  21.17  22.86  22.40  21.90  22.48 

100.00     100.00     100.00    100.00     100.00     100.00     100.00     100.00 

The  agreement  of  these  figures  makes  it  plain  that  the  para- 
nnclein consists  of  one  or  more  compounds  of  the  protein  (i-itel- 
lin)  containing  a  larger  proportion  of  the  same  acid  that  exists 
in  the  paranucleoproteid  from  which  it  originated.  These  pro- 
tein compounds  with  paranucletc  acid  are  therefore  analogous  to 
those  with  the  nucleic  acid  which  we  have  obtained  from  the 
wheat  embryo  and  described  in  the  preceding  paper. 

If,  as  many  seem  to  think,  the  paranucleic  acid  is  not  in  fact 
HjPO,,  it  may  be  found  to  be  either  H,P,0.  or  H,PO,.  These 
acids  differ  in  composition  so  little  from  HjPO^  that  we  find 
nearly  or  quite  as  close  agreement  when  the  analyses  are  calcu- 
lated free  from  either  of  them,  as  the  following  table  shows,  in 
which  is  given  the  result  of  calculating  the  analyses  free  from 
PjOg  and  ash. 

Composition  of  the  Paranucleoproteid  and  the  Paranuclein  Cal- 
culated FREE  FROM  PjOj  AND  ASH. 

Paranucleoproteid.  Paranaclem. 

1            2  3           4  5         'e           7  T 

Carbon 52.79  53.00  52.70  53.31  52.71  53.05  53.56  52.78 

Hydrogen 7.39       7.32  7-44       7-42  7-42        7-69  7.63  7-74 

Nitrogen 16.66  16.67  16.74  17-25  16.19  16.66  16.43  i?^^ 

Sulphur 1. 15        1.08  1.03        1. 10  1.06       0.98  1.05  0.97 

Oxygen 22.01  21.93  22.09  20.90  22.62  21.62  21.33  21.49 

100.00    100.00   100.00    100.00    100.00    100.00    100.00    100.00 

Considering  the  great  differences  in  phosphorus-content  of 
these  preparations,  the  striking  agreement  of  the  analyses  thus 
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calculated  makes  probable  that  the  acid  combined  with  the  pro- 
tein has  nearly  the  composition  HjPO^  and  contains  little,  if  any, 
organic  matter,  or  else  contains  an  organic  radical,  whose  com- 
position is  very  nearly  like  that  of  the  protein  itself. 

It  may  possibly  be  a  methyl  or  ethyl  phosphoric  acid  or  some 
other  quite  simple  organic  phosphoric  acid,  but  probably  not  so 
complex  an  acid  as  glycerophosphoric,  as  we  have  found  a  wide 
difference  between  the  analyses  when  corrected  for  this  acid. 

It  seems  probable  in  view  of  these  facts  that  further  study  will 
lead  to  the  isolation  and  positive  identification  of  this  acid. 

CONCLUSION. 

Sodium  chloride-  solutions  dissolve  from  egg  yolk  a  large 
amount  of  protein  matter  which  has  the  properties  of  a  globu- 
lin, being  precipitated  by  diluting  or  dialyzing  its  solutions. 

The  substance  soluble  in  salt  solution  consists  of  a  mixture  of 
compounds  of  protein  matter  with  lecithin.  Preparations  of 
these  compounds  contain  from  15  to  30  per  cent,  of  lecithin. 
The  more  soluble  products  obtained  by  fractional  precipitation 
contain  larger  proportions  of  lecithin  than  the  less  soluble ;  that  is, 
they  are  more  acid  compounds.  These  compounds  might  well 
be  called  lecithin-nucleo\dtellin. 

The  lecithin  thus  combined  is  not  removed  by  ether,  but 
readily  by  alcohol.  The  insoluble  lecithin-free  proteid,  obtained 
by  treating  the  lecithin  compounds  with  alcohol,  has  a  constant 
composition  when  obtained  from  successive  fractional  precipita- 
tions of  the  lecithin  compound.  The  following  is  the  average  of 
five  accordant  analyses  representing  fractional  precipitations  of 
the  substance  : 

Composition  of  Nuclkovitbllin. 

Carbon 51.24 

Hydrogen 7.16 

Nitrogen 16.38 

Sulphur 1.04 

Phosphorus 0.94 

Oxygen 23.24 

100.00 

This  substance  on  digesting  with  pepsin  yields  paranuclein  of 
variable  composition.     When  the  analyses  of  the  nucleovitellin 
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and  the  paranuclein  are  calculated  free  from  phosphoric  acid, 
HjPO^,  possibly  identical  with  *'  paranucleic  acid",  the  compo- 
sition found  for  the  organic  part  of  all  of  these  preparations  is 
so  nearly  the  same  as  to  show  that  the  proteid  and  the  nuclein 
are  both  compounds  of  one  and  the  same  proteid  body,  vitellin, 
with  a  phosphoric  acid,  possibly  HjPO^,  H^P,0„  or  some  very 
simple  organo- phosphoric  acid.  The  composition  of  the  organic 
part  of  the  preparations  calculated  free  from  H,PO^  gives  as  the 
average  for  eight  preparations  of  the  paranucleoproteid  and  the 
paranuclein,  the  following  figures  : 

Composition  op  Vitew^in^ 

Carbon 52.71 

Hydrogen 7.46 

•  Nitrogen 16.64 

Sulphur 1.05 

Oxygen  22.14 

100.00 
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A  RECENT  paper  by  the  writer*  gave  an  account  of  prepara- 
tions of  crystallized  egg  albumin  which  justified  the  con- 
clusion that  with  the  substance  commonly  called  ovalbumin 
there  is  associated  one  or  more  other  protein  bodies,  the  proper- 
ties of  which  were  not  definitely  ascertained. 

We  have  since  repeated  this  work  on  a  larger  scale  and  have 
not  only  confirmed  the  former  observations,  but  have  obtained 
much  additional  information  respecting  these  other  protein 
bodies. 

FRACTIONAI,  PRECIPITATION  OF  EGG  WHITE. 

4 

Six  liters  of  the  whites  of  freshly  laid  eggs  were  gradually 
and  carefully  mixed  with  an  equal  volume  of  saturated  ammo- 
nium sulphate  solution  and  formed  the  precipitate,  A,  which  was 
filtered  off. 

To  the  filtrate  saturated  ammonium  sulphate  solution  was 

1  Prom  advance  sheets  of  the  report  of  the  Connecticut  Agricultural  ^perimeot 
Station  for  1899,  communicated  by  the  authors. 

3  Report  Conn.  Agr.  Kzp.  Station  for  1898,  and  this  Journal,  ai,  486. 
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added  until  a  small  permanent  precipitate  was  produced,  and 
then  a  mixture  of  600  cc.  of  saturated  ammonium  sulphate  solu- 
tion, 830  cc.  of  water,  and  27  cc.  of  concentrated  hydrochloric 
acid  were  gradually  added.  After  standing  over  night,  the  large 
quantity  of  fine  needle-shaped  crystals  which  separated,  fraction 
B,  was  filtered  out. 

The  filtrate,  mixed  with  saturated  ammonium  sulphate  solu- 
tion until  a  small  precipitate  again  formed,  was  allowed  to 
stand  over  night,  during  which  time  another  crystalline  precipi- 
tate, C,  separated. 

By  treating  the  filtrate  from  C  in  the  same  manner,  another 
precipitate,  D,  was  obtained,  which  consisted  wholly  of 
spheroids. 

All  the  protein  matter  which  remained  in  the  filtrate  from  D 
was  precipitated  by  saturating  the  solution  with  ammonium  sul- 
phate, and  this  made  preparation  B.  These  several  fractions 
were  then  further  divided  as  follows : 

Precipitate  A  was  treated  with  water,  strained  with  difficulty, 
owing  to  its  gummy  character,  through  bolting-cloth,  and  the 
slightly  turbid  solution  thus  obtained  was  dialyzed  for  several 
days.  The  considerable  mucin-like  precipitate  which  separated 
was  filtered  out,  washed  with  much  water,  and  dehydrated  with 
absolute  alcohol,  giving  26.88  grams  of  preparation  A.i.a. 

The  filtrate  from  the  precipitate  of  A. i.a.,  saturated  with 
ammonium  sulphate,  yielded  a  precipitate  which  was  treated 
with  a  little  water,  and  the  part  insoluble  therein  filtered  out ; 
the  filtrate  was  allowed  to  evaporate  until  an  amorphous  precipi- 
tate separated.  This  precipitate  was  filtered  out,  united  with 
the  insoluble  part  of  the  ammonium  sulphate  precipitate,  dis- 
solved in  water,  and  its  solution  dialyzed,  yielding  a  precipitate 
which  resembled  that  previously  obtained  by  dialysis,  being 
largely  composed  of  gummy,  mucin-like  clots.  This,  when  well 
washed  with  water  and  alcohol  and  dried,  gave  7.28  grams  of 
A.i.b.  The  dialyzed  solution  from  which  A.i.b  had  separated, 
when  treated  with  ammonium  sulphate,  yielded  a  precipitate 
which  was  filtered  out,  prtessed  on  filter-paper,  dissolved  in  water 
and  this  solution  dialyzed  free  from  sulphate.  This  dialyzed 
solution,  evaporated  at  40**,  left  a  residue,  marked  A. 2,  weigh- 
ing, dry,  x6  grams. 
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The  solution  containing  sulphate  of  ammonium,  from  which 
had  been  separated  the  substance  yielding  the  two  last-named 
preparations,  was  further  concentrated  by  gradual  evaporation, 
and  yielded  a  mass  of  needle-shaped  crystals.  These  were  sep- 
arated by  filtration,  dissolved  in  water,  the  solution  was  dialyzed 
till  free  from  ammonium  sulphate  and  evaporated  at  40"",  giving 
preparation  A. 3,  weighing  11.56  grams. 

Precipitate  B, — This,  consisting  wholly  of  well-formed  crystals, 
was  dissolved  in  water  and  treated  with  saturated  ammonium 
sulphate  solution,  which  was  added  until  precipitation  began. 
After  standing  over  night,  the  wholly  crystalline  precipitate  was 
filtered  out  and  the  filtrate,  marked  b.2,  treated  as  will  be  de- 
scribed later.  The  precipitate  was  again  dissolved  in  water  and 
enough  ammonium  sulphate  added  to  give  a  precipitate  from 
which,  after  a  time,  the  solution  was  decanted.  After  pressing 
out  the  mother-liquor,  the  precipitate  was  dissolved  in  water  and 
the  clear  solution  dialyzed  until  wholly  free  from  sulphate,  when 
it  was  evaporated  at  50°,  giving  36  grams  of  B.i. 

The  filtrate  from  the  precipitation  of  B.i  treated  with  more 
ammonium  sulphate,  on  standing  twelve  hours,  deposited  a  large 
crop  of  finely  developed  crystals.  This  was  filtered  out  and, 
treated  in  the  manner  described  for  B.i,  gave  59  grams  of  B.2. 
The  filtrate  from  B.2  was  added  to  solution  b.2. 

Precipitate  C, — The  filtrates  from  B.i  and  B.2,  forming  solution 
b.2,  were  united  with  the  aqueous  solution  of  fraction  C,  ammo- 
nium sulphate  was  added  to  incipient  precipitation  and  the  mix- 
ture was  allowed  to  stand  over  night.  The  substance,  which 
separated  in  spheroids,  was  filtered  out,  dissolved  in  water  and 
recrystallized  by  adding  ammonium  sulphate.  On  standing,  the 
substance  deposited  in  large  aggregates  of  crystals,  extending 
from  the  bottom  of  the  dish  in  warty  masses,  some  of  them  more 
than  2  cm.  long  and  0.5  cm.  in  diameter.  These  masses  were 
wholly  composed  of  exceptionally  large  and  well-formed  needle 
crystals.  After  separating  from  the  mother-liquor,  this  crystal- 
line mass  was  dissolved  in  water  and  the  solution  dialvzed  till 
free  from  sulphate,  and,  evaporated  at  50**,  gave  45  grams  of  C.i. 

The  filtrate  from  C.i,  on  standing,  yielded  a  very  large  quan- 
tity of  substance  which  was  composed  almost  whdlly  of  crystals, 
only  a  very  few  spheroids  being  detected  among  them.     This 
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precipitate,  by  the  treatment  applied  to  C.i,  yielded  106  grams 

of  C.2. 

The  filtrate  from  the  first  precipitation  of  C.i  was  treated  with 
more  ammonium  sulphate,  the  filtrate  from  C.2  was  added,  and 
the  mixture  allowed  to  evaporate  slowly  until  a  precipitate  sepa- 
rated, which  consisted  of  a  mixture  of  crystals  and  spheroids. 
This  yielded  C.3,  weighing  32.5  grams. 

Precipitate  D. — This  was  dissolved  in  water,  ammonium  sul- 
phate solution  was  added  and  the  mixture  allowed  to  stand  until 
a  considerable  separation  of  spheroids  occurred,  which,  on  set- 
tling, formed  a  clear,  transparent  deposit  on  the  bottom  of  the 
dish. 

After  several  reprecipitations,  always  without  obtaining 
crystals,  and  thinking  that  the  absence  of  crystals  might  be  due 
to  a  deficiency  of  acid,  we  added  to  the  solution  3  cc.  of  concen- 
trated hydrochloric  acid  mixed  with  much  ammonium  sulphate 
solution.  On  standing,  however,  this  solution,  as  before,  depos- 
ited only  spheroids.  The  deposit,  after  decanting  the  solution, 
was  dissolved  in  water  and  its  solution,  after  adding  ammonium 
'  sulphate  to  incipient  precipitation,  was  allowed  to  evaporate 
slowly.  When  considerable  deposit  had  formed,  the  solution 
was  decanted  and  allowed  to  concentrate  until  nearly  all  the 
remaining  proteid  matter  had  formed  a  coherent  deposit  of 
spheroids.  These  two  deposits  were  each  separately  dissolved 
in  water,  their  solutions  dialyzed  free  from  ammonium  sulphate 
and  evaporated  to  dryness  at  50**,  thus  giving  D.i,  weighing  30 
grams  and  D.2,  weighing  20  grams. 

The  solution,  decanted  from  the  first  precipitate  which  sepa- 
rated after  adding  acid,  gave  on  evaporation  a  precipitate  con- 
sisting wholly  of  spheroids,  which  formed  D.3,  weighing  55 
grams.  The  solution  from  this,  on  further  concentration,  depos- 
ited nearly  all  the  dissolved  protein  in  the  form  of  spheroids, 
which,  by  the  usual  treatment,  gave  10  grams  of  D.4. 

Precipitate  E, — This,  when  dissolved  in  water,  yielded  a  bril- 
liant yellow  solution,  slightly  acid  to  litmus.  Thereto  saturated 
ammonium  sulphate  solution,  containing  i  cc.  of  concentrated 
hydrochloric  acid,  was  added,  which,  on  standing,  caused  a  pre- 
cipitate. This  was  filtered  off,  dissolved  in  water,  ammonium 
sulphate  was  added  to  incipient  precipitation,  and  after  standing 
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seven  days,  the  deposit  of  spheroids  which  had  separated  was 
filtered  out,  yielding  6.2  grams  of  E.i.  The  filtrate  contained 
no  protein  matter. 

The  filtrate  from  the  first  reprecipitation  of  £  was  mixed  with 
ammonium  sulphate  until  a  considerable  amorphous  precipitate 
had  formed.  This  was  filtered  ou|,  dissolved  in  water,  and  after 
adding  ammonium  sulphate  and  allowing  the  solution  to  stand 
six  days,  it  gave  a  precipitate  of  spheroids  which  yielded  E.2, 
weighing  15.65  grams. 

The  solution  decanted  from  the  first  precipitation  of  E.2,  after 
evaporating  for  six  days,  gave  a  deposit  of  spheroids  mixed  with 
a  little  amorphous  matter,  which  was  marked  £.3,  and  weighed 
22.5  grams. 

We  thus  obtained  from  6  liters  of  egg  white,  seventeen  dif- 
ferent fractions,  containing  504  grams  of  substance,  262  grams 
of  which  were  wholly  crystalline,  and  since  at  least  one-half  of 
C.3  consisted  of  crystals,  the  total  amount  of  crystalline  matter 
was  278  grams.  Evidently  more  than  one-half  the  protein  con- 
stituents of  egg  white  can  be  crystallized.  The  yield  of  crystal- 
lized albumin  was  about  the  same  as  that  obtained  by  the  writer 
in  his  previous  investigation,  being  about  4.4  grams  of  crystal- 
lized albumin  per  100  cc.  of  egg  white,  as  against  5.3  and  4.9 
grams  previously  obtained. 

Fradtofis  E.2  and  E,j. — Since  the  fractions  E.2  and  E.3 
appeared,  by  their  behavior  on  heating  with  water,  to  contain 
at  least  three  protein  substances,  the  greater  part  of  each  prepa- 
ration was  treated  with  water.  E.2  contained  some  matter  in- 
soluble in  water  which  could  not  be  filtered  out,  while  E.3  gave 
a  clear  solution.  Both  solutions,  heated  in  a  water-bath,  gave  a 
flocculent  coagulum  at  58"*  which,  even  after  heating  at  65**  for 
some  time,  could  not  be  filtered  out.  The  temperature  was 
therefore  raised  to  72°  and  held  there  some  time,  which  caused 
more  coagulum  to  separate  in  both  solutions,  but  as  the  solutions 
could  not  even  then  be  filtered,  the  bath  was  heated  to  boiling. 
With  the  rising  temperature  the  coagulum  rapidly  increased,  so 
that  it  could  soon  be  filtered  out  on  cloth.  After  thoroughly 
washing  each  coagulum  with  hot  water  and  alcohol  and  drying 
over  sulphuric  acid,  we  obtained  preparations  E.2. a,  weighing 
6  grams,  and  E.3. a,  weighing  8.6  grams.    .The  clear,  bright, 


PROTEIN   CONSTITUENTS  OF  EGG  WHITE.  427 

yellow  filtrates  from  these  were  united  and  poured  into  several 
volumes  of  alcohol,  which  threw  out  a  white  precipitate  and  held 
the  yellow  coloring-matter  in  solution. 

The  precipitate,  E.4,  washed  with  alcohol  and  ether  and  dried 
over  sulphuric  acid,  weighed  5  grams. 

These  preparations  were  then  dried  to  constant  weight  at  1 10° 
and  analyzed. 

The  heat  coagulation  points  of  their  solutions,  containing  2.5 
per  cent,  of  the  protein  substance  and  10  per  cent,  of  sodium 
chloride,  were  determined  by  gradually  heating  in  a  water- bath. 
In  Table  I,  page  428,  T  indicates  the  temperature  at  which  the 
solution  first  became  turbid,  and  F  that  at  which  flocks  sepa- 
rated. 

The  specific  rotation  was  determined  with  a  Schmidt  and 
Haensch  polarimeter,  the  readings  on  the  sugar  scale  being  con- 
verted into  degrees  of  circular  polarization  by  multiplying  by 
0.346. 

In  the  table  the  percentages  of  nitrogen  marked  K,  were 
found  by  the  Kjeldahl  process,  those  marked  A,  by  the  Dumas 
or  absolute  method. 

These  results  entirely  confirm  those  given  in  our  former  paper, 
but  in  consequence  of  the  more  extended  series  of  fractional  pre- 
cipitations in  the  work  now  under  discussion  we  have  plainer 
evidence  of  the  presence  of  the  several  protein  constituents  of 
the  egg  white. 

Of  these  fractions,  B.i,  B.2,  C.i,  and  C.2consist  of  ovalbumin, 
separated  in  a  completely  crystalline  condition,  and,  with  the 
exception  of  a  trace  present  in  C.2,  are  wholly  free  from  the 
lower  coagulating  albumin,  thus  demonstrating  this  latter  to  be 
a  distinct  substance.  The  rotation  and  elementary  composition 
of  these  fractions  are  essentiall}'  the  same  as  that  given  in  our 
former  paper  for  similar  products. 

In  fraction  B.4  we  have  ovomucoid  not  coagulated  by  heat, 
with  a  specific  rotation  of  61.5^  and  of  the  same  composition  as 
Moner'  and  Zanetti*  found  for  this  substance.  The  successive 
fractions,  from  C.3  to  E.3.a  inclusive,  all  have  a  higher  specific 
rotation  and  contain  a  relatively  considerable  amount  of  an  albu- 
min coagulating  at  a  much  lower  temperature  than  ovalbumin. 

^  Ztxhr.physiol.  Chem.^  18,  525. 

^  Ann.  di  Chim.  e  Farmac,  No.  12,  1897. 
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The  fractions  C.3,  D.i,  and  D.2  have  nearly  the  same  rotation 
temperatures  of  coagulation  and  composition.   We  therefore  sub- 
jected  these  to  fractional  precipitation,  in  order  to  determine 
whether  they  were  mixtures  of  different  proteids  or  were  essen- 
tially one  substance.     The  greater  parts  of  these  preparations 
were  accordingly  united,  dissolved  in  about  400  cc.  of  water 
and    saturated    ammonium    sulphate    solution   added,   until  a 
decided  precipitate  had  formed.     This  was  filtered  out,   freed 
from    mother-liquor,  dissolved  in  water,  the  solution  dialyzed 
until  free  from  ammonium  sulphate  and  then  evaporated  t6  dry- 
ness below  50°.     The  residue,   F.i,  weighed  7.5  grams.     The 
filtrate   from  F.i,   on   evaporating   at    the   room  temperature, 
deposited  a  quantity  of  spheroids,  mixed  with  a  few  crystals  of 
ovalbumin.     This  deposit  was  filtered  out,  dissolved  in  water, 
to    the    solution    saturated   ammonium  sulphate  solution  was 
added  until  incipient  precipitation  set  in,   and  the  whole  was 
allowed   to  stand  until  a  considerable  precipitate  composed  of 
spheroids   mixed  with  a  few  crystals  had  formed.     This  was 
filtered  out  and,  in  order,  if  possible,  to  convert  the  whole  into 
crystals,  the  original  reaction  of  the  egg  white  was  imitated  by 
making  the  aqueous  solution  of  the  precipitate  slightly  alkaline 
with  ammonia.     A  very  small  excess  of  hydrochloric  acid  was 
added  and  then  ammonium  sulphate  to  incipient  precipitation, 
thtts  reproducing,  as  closely  as  we  could,  the  conditions  under 
which  the  first  crystalline  separation  had  been  obtained.     After 
standing,  a  precipitate  formed  which  contained  no  crystals.    This 
was  filtered  out  and,  by  the  usual  treatment,  gave  F.2,  weigh- 
ing 18.32  grams.     The  solutions  filtered  from  the  two  preceding 
precipitations  of  F.2  were  saturated  with  ammonium  sulphate, 
and  the  resulting  precipitate   dissolved  in  water ;  its  solution, 
dialyzed  and  evaporated  below  50"*,  gave  F.2. a,  weighing  7.83 
g:rams.     The  filtrate  from  the  first  precipitation  of  F.2  on  fur- 
ther evaporation  gave  a  precipitate  of  spheroids  which  was  dis- 
solved in  water,  and  by  the  treatment  employed  for  separating 
F.2. a,  gave  16.7  grams  of  F.3. 

The  solution  filtered  from  the  second  precipitation  of  F.3  was 
saturated  with  ammonium  sulphate  and  from  the  precipitate 
produced  by  the  usual  treatment,  F.3. a,  weighing  5.38  grams,  was 
obtained.     These  several  preparations  were  found  to  have  the 
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rotation,  heat-coagulation  temperatures  and  compositions  given 
in  Table  II. 

While  none  of  these  fractions  was  obtained  free  from  the 
lower  coagulating  albumin,  the  relative  proportions  of  the  two 
albumins  which  the  different  fractions  contained  varied  greatly, 
which  fact,  in  conjunction  with  their  rotation  and  composition, 
shows  that  a  decided,  though  incomplete,  separation  has  been 
effected. 

In  order  to  separate  more  completely  the  proteids  which  these 
mixed  fractions  appeared  to  contain,  we  dissolved  13.4  grams 
of  D.3  in  500  cc.  of  10  per  cent,  brine,  and  heated  the  filtered  and 
perfectly  clear  solution  slowly  in  a  large  water-bath.  A  flocca- 
lent  coagulum  began  to  separate  at  52^,  which,  after  heating 
for  some  time  at  60^,  was  filtered  off.  The  filtrate  was  then 
removed  and  this  coagulum  was  washed  with  pure  water,  which, 
after  the  salt  was  removed,  dissolved  the  coagulum  almost  com- 
pletely. From  these  washings  the  proteid  was  separated  by 
adding  alcohol.  When  dried  over  sulphuric  acid  it  weighed 
5  grams  and  formed  preparation  D.3.1. 

The  solution  filtered  from  the  coagulum  separating  below  60°, 
when  further  heated,  became  turbid  at  64**  and  yielded  a  floccu- 
lent  coagulum  at  70®.  This  second  coagulum  was  filtered  off 
after  heating  for  some  time  at  88°  and  when  washed  and  dried 
gave  3.5  grams  of  D.3. 2.  The  filtrate  from  this  gave  no  more 
coagulum  on  heating  and  after  dialyzing  free  from  chlorides 
was  concentrated  to  small  volume  and  precipitated  by  pouring 
into  alcohol.     This  gave  us  2  grams  of  D.3. 3. 

Seven  grams  of  F.3  were  dissolved  in  280  cc.  of  5  per  cent, 
brine  and  the  solution  heated  to  67®.  The  flocculent  coagulum, 
which  began  to  separate  at  59"^,  was  filtered  out,  washed  and 
dried,  giving  1.87  grams  of  F.3.1.  The  filtrate  heated  to  92^ 
gave  another  coagulum  which  began  to  separate  at  about  70°. 
This,  when  dry,  weighed  2.17  grams,  F.3. 2.  The  filtrate  from 
F.3. 2  dialyzed  free  from  chlorides  and,  precipitated  by  alcohol, 
gave  1.39  grams  of  F.3. 3. 

Twenty-five  grams  of  K.3  (the  more  soluble  part  of  a  precip- 
itate obtained  by  adding  an  equal  volume  of  saturated  ammo- 
nium sulphate  solution  to  a  large  quantity  of  egg  white)  were 
dissolved  in  about  800  cc.  of  10  per  cent,  brine,  the  solution 
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filtered  clear  and  heated  to  6o^  The  coagulum  was  washed  with 
salt  solution,  suspended  in  water  after  passing  through  fine 
bolting-cloth  to  break  up  all  lumps,  washed  thoroughly  with 
water,  and  with  alcohol,  and  was  dried,  giving  2.78  grams  of 
K.3.1.  Unlike  ovalbumin,  this  coagulated  proteid  separated  in 
a  finely  divided  state,  so  that  it  could  be  easily  washed  through 
the  cloth. 

The  filtrate  from  this  coagulum  was  dialyzed  free  from 
chlorides  and  then  evaporated  to  dryness  below  60**,  leaving  a 
residue  which  weighed  17.2  grams  and  had  a  specific  rotation  of 
37°  55'-  This  rotation  being  much  greater  than  that  of  oval- 
bumin, the  whole  of  this  residue  was  dissolved  in  10  per  cent. 
brine,  the  solution  heated  in  a  boiling  water-bath«  the  coagulum, 
K.3.2,  filtered  off,  the  filtrate  dialyzed  free  from  chloride,  and  the 
clear  solution  poured  into  alcohol.  The  substance,  K.3.3,  thus 
precipitated,  weighed,  dry,  1.39  grams,  and  consisted  of  ovomu- 
coid as  shown  by  its  rotation,  61*  30'. 

The  preparation,  K.3,  was  prepared  from  the  precipitate  pro- 
duced by  half  saturating  the  egg  white  solution  with  ammonium 
sulphate,  which  precipitate  is  commonly  supposed  to  consist 
almost  wholly  of  globulin.  Nevertheless  our  results  show  that 
K.3  contained  about  11  per  cent,  of  the  albumin  coagulating 
below  65**,  83  per  cent,  of  ovalbumin,  and  over  5  per  cent,  of 
ovomucoid.  That  so  much  of  this  latter  substance  should  be 
present  in  this  preparation  is  surprising  and  shows  the  difficulty 
in  separating  ovomucoid  from  ovalbumin. 

All  these  preparations  were  analyzed  with  the  results  given  in 
Table  III. 

These  figures  show  that  an  albumin  coagulating  at  55^-57* 
forms  nearly  50  per  cent,  of  the  products  obtained  from  D.3. 
This  albumin  contains  somewhat  less  carbon,  decidedly  more 
nitrogen,  and  a  little  more  sulphur  than  ovalbumin.  Since  it  so 
closely  resembles  ovalbumin,  and  is  so  intimately  associated  with 
it  the  writer  suggests  that  it  be  called  conalbumin.  The  rest  of 
the  products  from  D.3  consists  of  about  35  per  cent,  ovalbumin 
and  18  per  cent,  ovomucoid.  From  F.3,  27  per  cent,  of  conal- 
bumin,  31  per  cent,  of  ovalbumin,  and  20  per  cent,  of  ovomucoid 
were  obtained. 

This  investigation  of  the  protein  constituents  of  the  egg  white 
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shows  them  to  be  ovomucin,  ovalbumin,  conalbumin,  and  ovomu- 
coid.    These  have  the  following  properties : 

Ovomucin  is  a  glycoproteid  recently  discovered  by  Eichholz^ 
to  be  present  in  small  amount  in  egg  white.  This  substance, 
precipitated  by  diluting  ^gg  white,  has  heretofore  been  regarded 
as  globulin,  but  we  find  that  nearly,  if  not  quite,  all  of  that  which 
is  so  precipitated,  is  ovomucin. 

From  the  whites  of  240  eggs  we  obtained,  although  with  some 
loss,  34.2  grams  of  ovomucin  or  about  7  per  cent,  of  the  proteid 
matter  of  the  ^gg  white,  which  is  the  proportion  in  which  Din- 
ner found  the  **  globulin"  to  be  present. 

When  freshly  precipitated  by  dilution  or  dialysis,  ovomucin 
loses  its  gummy  character  on  thoroughly  washing  with  water, 
but,  when  treated  with  salt  solutions,  forms  a  transparent  gummy 
mass,  which,  on  agitation,  yields  a  clear  but  viscid  solution. 

When  washed  with  alcohol  and  dried,  ovomucin  forms  a  light, 
white  powder,  partly  soluble  in  sodium  chloride  brine,  and  gives 
a  solution  free  from  viscidity,  which  becomes  turbid  at  75°,  and 
yields  flocks  at  78*^.  On  boiling,  this  coagulum  almost  wholly 
dissolves  and  reappears  on  cooling. 

Eichholz  states  that  ovomucin  dissolves  in  dilute  sodium  car- 
bonate solutions.  We  find,  however,  that  when  treated  with 
much  I  per  cent,  sodium  carbonate,  only  an  apparent  solution 
results,  for,  when  this  is  brought  into  filters,  a  clear,  thin  liquid 
passes  through  the  paper  from  which,  by  adding  acid,  only  an 
insignificant  precipitate  can  be  obtained,  while  a  clear  and  very 
viscid  liquid,  containing  almost  all  the  ovomucin,  remains  upon 
the  paper. 

We  have  made,  page  423,  two  preparations  of  ovomucin  which 
had  the  following  composition  : 

Ovomucin. 

A. I. a.  A.i.b. 

Carbon 50.69  50.95 

Hydrogen  6.71  6.85 

Nitrogen  14.49  M.82 

Sulphur 2.28  1.94 

Oxygen 25.83  25.44 

100.00  100.00 

"^Jour.  of  Physiology^  33,  167. 
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Ovalbumin  is  the  chief  constituent  of  tgg  white,  50  per  cent,  of 
its  proteids  having  been  obtained  in  this  investigation  in  the 
form  of  perfectly  crystallized  preparations  of  this  substance, 
while  a  large  proportion  of  the  remaining  proteid  matter  also 
consisted  of  this  albumin. 

Heai  Coagulum  of  Ovalbumin, — Solutions  in  pure  water,  con- 
taining 2.5  per  cent,  of  pure  ovalbumin,  become  turbid  at  60**, 
and  at  64°  yield  a  flocculent  coagulum. 

When  10  per  cent,  of  sodium  chloride  is  added  to  these  solu- 
tions the  temperature  of  coagulation  becomes  higher,  turbidity 
developing  at  69**,  and  flocks  at  70'.* 

When  its  solution  is  evaporated  to  dryness  below  50**,  and  the 
ovalbumin  redissolved  in  water  or  in  brine,  a  small  amount  of 
substance  coagulating  at  the  lower  temperature  appears  to  be 
formed.  Thus,  sodium  chloride  solutions  containing  2.5  per 
cent,  of  B.I,  B.2,  or  C.i,  before  these  substances  had  been 
separated  by  evaporation  at  50°,  remained  absolutely  clear  until 
heated  to  68^  or  69°,  while  similar  solutions,  made  by  dissolving 
the  dried  substance,  became  turbid  at  59^  and  yielded  flocks  in 
small  quantity  at  63**. 

Preparations  of  ovalbumin  obtained  by  evaporating  their  solu- 
tions in  pure  water  to  dryness  below  50**,  do  not  completely  redis- 
solve  when  treated  with  water. 

Solutions  of  some  preparations  thus  made,  become  very  rapidly 
turbid  when  filtered  and  gradually  deposit  a  not  inconsiderable 
quantity  of  insoluble  matter.  The  amount  of  insoluble  matter 
in  all  of  our  preparations  was  so  small,  that  we  have  been  unable 
to  learn  its  nature,  but  in  one  case  we  obtained  0.72  gram  from 
15  grams  of  a  preparation  containing  a  larger  proportion  than 
any  we  had  seen  before.  This  insoluble  substance,  which  con- 
tained 15.65  per  cent,  nitrogen,  and  1.8  per  cent,  sulphur,  was 
probably  a  mechanical  coagulum,  as  it  tended  to  separate  at 
points  of  contact  between  the  surface  of  the  albumin  solution 
and  the  vessel  containing  it.  Sodium  chloride  added  to  the 
solution  in  sufficient  quantity  diminishes  the  amount,  or  pre- 
vents its  formation.' 

1  St&rke  (Ffliiger'8  Archiv.^  xa,  z8)  notes  this  effect  of  sodium  chloride  on  the  coagula- 
tion of  the  albumin. 

>  See  Hopkins  :  Jour.  <if  Physiology^  95,  324. 
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It  has  been  stated  by  Hammarsten  that  with  a  constant  amount 
of  salt  the  temperature  of  coagulation  changes  with  variable 
amounts  of  albumin  in  solution. 

We,  accordingly,  prepared  solutions  of  the  dialyzed,  but  not 
dried,  albumin  which  contained  5,  2.5,  and  i.o  per  cent,  of  oval- 
bumin and  also  similar  solutions  containing,  in  addition,  10  per 
cent,  of  sodium  chloride.  These,  when  heated  very  slowly  in  a 
large  water-bath,  coagulated  as  follows : 

xo  per  cent 
Water.       salt  solution. 


O  •rrO 


5.0  per  cent,  albumin  { t,-Wdity .  • ..........    « 

«  -     i»      <i  «        f  turbidity 60^  69° 

^•5  \  flocks 64^  71'' 


71^ 


,^    <i      «  (c       /turbidity 61^  69° 

^•°  \flocks 670  71^ 

Q-     «•      i<  it        I  turbidity 63° 

'^  \  flocks none  even  on  boiling. 

These  figures  show  no  difference  in  temperature  of  coagula- 
tion, for  solutions  containing  from  i  to  5  per  cent,  of  oval- 
bumin, together  with  10  per  cent,  of  sodium  chloride,  but  solu- 
tions of  ovalbumin  in  pure  water  coagulate  at  a  lower  tempera- 
ture than  those  containing  10  per  cent,  of  this  salt ;  those  con- 
taining 5  and  2.5  per  cent,  of  albumin,  coagulate  at  one  and 
the  same  temperature ;  those  containing  i  per  cent,  coagulate 
somewhat  higher,  while  a  solution  containing  but  0.5  per  cent. 
of  albumin  yields  no  flocks  even  on  boiling. 

When  the  proportion  of  albumin  remains  constant,  while  that 
of  the  salt  increases,  the  temperature  of  coagulation  rises,  as  the 
following  table  shows : 

NaCl.  Ovalbumin. 

Per  cent.  Per  cent. 

10  2  i;  i^^""  turbidity. 

^•°  ^-5  \63«  flocks. 

to  2S  r 63«  turbidity.        . 

^•°  ^-5  \65«  flocks. 

r650  turbidity. 
5-°  2-5  \  67°  flocks. 

10  o  2  ^  /  ^**  turbidity. 

^^•^  ^-5  \  70®  flocks. 

From  these  results  we  may  state  that  solutions  in  water  which 
contain  from  2.5  to  5  per  cent,  of  pure  ovalbumin  become  tur- 
bid on  heating  to  60°,  and  yield  a  flocculent  coagulum  at  64*, 
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^while  those  containing,  in  addition,  10  per  cent,  of  sodium  chlo- 
ride become  turbid  at  68**,  and  flocculent  at  70**. 

In  the  preceding  experiments  no  acid  was  added  to  the  solu- 
tion to  be  coagulated,  the  acidity  of  the  ovalbumin  (i  gram  of 
albumin  required  2  cc.  of  N/io  alkali  for  neutralization  to 
phenolphthalein)  being  sufficient  to  bring  about  coagulation. 

When  the  albumin  was  exactly  neutralized  to  phenolphthalein, 
by  adding  potash,  the  solution  remained  clear  when  heated  for 
some  time  at  100°.  When  this  solution  was  treated  with  acid 
equivalent  to  the  added  alkali  a  large  precipitate  resulted  which 
did  not  separate  completely  until  a  very  slight  excess  of  acid  was 
added.  Thus,  when  0.5  gram  of  albumin  was  dissolved  in  19 
cc.  of  Water,  i  cc.  N/io  potassium  hydroxide  added,  making  the 
solution  exactly  neutral  to  phenolphthalein,  and  the  mixture 
heated  for  ten  minutes  in  boiling  water,  no  coagulum  was  pro- 
duced. When  cooled,  i  cc.  of  N/io  hydrochloric  acid  was 
added,  which  gave  a  precipitate,  from  which  a  clear  filtrate  could 
not  be  obtained  ;  with  1.2  cc,  however,  the  precipitation  was  so 
complete  that  the  filtrate  gave  no  turbidity  with  alcohol.  When 
I  gram  of  albumin  was  dissolved  in  water  and  2  cc.  of  N/io 
ammonia  solution  were  added,  a  quantity  just  sufficient  to  neu- 
tralize the  acid  reaction  of  the  albumin,  the  solution  remained 
clear  after  heating  for  ,some  time  at  loo"*.  After  cooling,  on 
adding  N/io  hydrochloric  acid,  the  solution  remained  clear  until 
nearly  enough  acid  had  been  added  to  neutralize  the  2  cc.  of 
ammonia,  but  when  the  full  2  cc.  were  added  the  albumin  was 
so  completely  precipitated  that  the  solution  filtered  from  the 
coagulum  contained  only  a  trace  of  protein  matter.  The  solu- 
tion, thus  neutralized  with  either  potash  or  ammonia,  gave  off 
hydrogen  sulphide  when  heated  and  acidified. 

To  six  tubes,  each  containing  0.5  gram  of  albumin,  dissolved 
in  10  cc.  of  water,  were  added  respectively  0.2,  0.4,  0.6,  0.8,  i, 
and  I.I  cc.  N/io  hydrochloric  acid,  and  then  water  enough  to 
make  each  up  to  20  cc.  When  these  mixtures  were  heated  in 
boiling  water,  the  one  with  0.8  cc.  of  acid  yielded  some  coagu- 
lum, that  with  I  cc.  but  a  trace,  while  that  with  i.i  cc. 
remained  clear,  showing  i  cc.  of  N/io  hydrochloric  acid  to  be 
enough  to  convert  0.5  gram  of  albumin  into  a  compound  not 
coagulated  by  heat.  The  portions  with  0.2  and  0.6  cc.  were  com- 
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pletely,  while  that  with  0.8  cc.  was  incompletely,  coagulated. 
When  0.5  gram  of  albumin  was  dissolved  in  20  cc.  of  water,  con- 
taining from  0.5  cc.  to  3  cc.  of  N/io  acetic  acid  and  heated 
in  a  boiling  water-bath,  the  albumin  was  practically  completely 
coagulated ;  with  5  cc.  of  acetic  acid  the  solution  became  opal- 
escent at  64'',  and  formed  a  firm,  transparent  jelly  at  75"*.  On 
heating  at  99"*  with  10  cc.  of  N/io  acetic  acid  the  solution  formed 
a  clear,  thin  jelly. 

When  solutions  in  pure  water  of  any  of  our  purest  prepara- 
tions of  ovalbumin  were  heated  to  boiling  for  some  time  the 
albumin  was  so  incompletely  coagulated  that  a  clear  filtrate  could 
not  be  obtained. 

Six  2-gram  portions  of  pure  ovalbumin,  were  dissolved,  each 
in  100  cc.  of  water,  and  mixed  with  equal  volumes  of  water,  con- 
taining I,  2,  3,  4,  5,  and  6  cc.  of  N/io  acetic  acid  respectively, 
and  the  mixtures  boiled  and  poured  on  filters.  The  portion  with 
I  cc.  of  acid  clogged  the  filter,  as  the  coagulum  separated  imper- 
fectly, whereas  the  others  yielded  clear  filtrates.  These,  when 
evaporated  to  dryness,  left  residues  weighing  0.0492,  0.0332, 
0.0320,  0.0446,  and  0.0648  gram,  respectively. 

Prom  this  it  is  seen  that  with  i  cc.  of  N/io  acetic  acid  the 
coagulation  is  incomplete,  while  with  3  and  4  cc.  the  amount  of 
matter  remaining  in  solution  is  less  than  with  2  cc.  or  than  with 
5  and  6  cc.  This  dissolved  matter,  which  is  very  soluble  in 
water,  yields  a  solution  decidedly  acid  to  phenolphthalein  and  to 
litmus,  contains  proteid,  and  reduces  Pehling's  solution.  Since 
the  proportion,  in  which  it  is  produced,  appears  to  depend  upon 
the  quantity  of  acid  added,  we  are  inclined  to  regard  it  chiefly 
as  a  product  of  the  action  of  the  added  acid  upon  a  small  part  of 
the  albumin ,  whereby  uncoagulable  acid  compounds  are  formed 
in  small,  but  variable  proportion. 

Specific  Rotation, — This  was  determined  for  solutions  of  the 
ovalbumin  in  pure  water,  with  a  Schmidt  and  Haensch  polarim- 
eter,  the  readings  of  the  sugar  scale  being  converted  into 
degrees  of  circular  polarization  by  multiplying  by  0.346,  and  the 
amount  of  dissolved  albumin  ascertained  by  evaporating  and 
drying  the  residue  at  iio^.  Preparations  B.i,  B.2,  C.i,  and  C.2 
showed  very  nearly  the  same  rotation  as  that  found  by  us  in  our 
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former  work  for  preparations  of  pure  ovalbumin.     These  deter- 

xDinations  gave  the  following  values  for  [^]d- 

A.I* —29.31®  B.I —29.53® 

A.2* —29.40°  B.2 — 29.13® 

H.i> —28.60®  C.I —30.03® 

H.2» —29.81®  C2 —30.80® 

The  degree  of  rotation  was  found  to  be  the  same  in  sodium 
chloride  solutions  as  in  water,  and  also  to  be  the  same  for  the 
albumin  in  the  dialyzed  solutions  of  the  crystals,  as  in  solutions 
of  the  albumin  which  had  been  separated  from  such  solutions 
by  evaporation  at  50**. 

Since  this  paper  was  written  we  have  received  the  number  of 
the  Journal  of  Physiology  issued  April  24,  1900,  containing  a 
paper  on  **  Pure  Albumin",  by  F.  G.  Hopkins,  in  which  he 
gives  the  rotary  power  of  pure  albumin  as  — 30.70°.  The 
remarkable  agreement  between  the  rotation  of  the  many  frac- 
tional crystallizations,  obtained  by  Hopkins,  is  much  closer  than' 
between  those  observed  by  us,  which  is  probably  due  to  his 
superior  polariscope  and  to  the  stronger  solutions  of  the  albumin, 
containing  considerable  amounts  of  ammonium  sulphate,  which 
he  employed.  Because  solutions  rich  in  pure  albumin,  when 
free  from  salts,  are  not  easily  obtained  absolutely  clear  and  tend 
to  become  turbid,  probably  from  mechanical  coagulation,  we 
were  generally  not  able  to  use  solutions  so  rich  in  albumin  as 
those  employed  by  Hopkins.  The  difference  of  1.3'  between 
the  values  of  [a]  d  found  by  Hopkins  and  the  writer,  is  probably 
chiefly  due  to  the  different  methods  employed  for  determining 
albumin  in  the  solution  examined.  We  have  shown,  page  438 < 
that  when  ovalbumin  is  coagulated  in  the  presence  of  a  minimum 
of  acetic  acid,  about  1.5  percent,  of  uncoagulated  matter  remains 
in  solution.  Whether  this  occurs  under  the  conditions  under 
which  Hopkins  coagulated  his  albumin  requires  further  investi- 
gation. Hopkins  admits  that  the  method  employed  by  us  is  the 
more  accurate,  assuming  that  all  ammonium  sulphate  can  be 
separated  from  the  albumin  solution.  We  believe  that  we  have 
accomplished  this  in  view  of  the  great  care  we  have  taken  to 
detect  the  presence  of  sulphates  in  our  albumin  preparations  and 
feel  quite  sure  that  we  have  not  overlooked  a  quantity  of  ammo- 

1  These  are  preparations  of  the  old  series  formerly  described,  and  the  two  first  are 
wot  parts  of  fraction  A  of  the  present  series. 
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nium  sulphate  sufficient  to  have  caused  a  difference  of  4  percent, 
of  the  observed  rotation. 

Elementary  Composition, — In  the  following  table  we  give  the 
analyses  of  our  four  purest  preparations  of  ovalbumin,  and  also 
analyses  of  two  preparations  made  by  Hofmeister's  method  as 
described  on  page  441. 

Composition  of  Ovalbumin. 


Airer- 

B.I. 

B.a 

C.I. 

C.2. 

No.  2. 

No.  3. 

««e- 

Carbon 

52.59 

52.78 

52.75 

52.79 

52.82 

52.78 

52.75 

Hydrogen . . . 

7.10 

7.09 

7.31 

7.00 

7.03 

7.07 

7.10 

Nitrogen.... 

15.55 

15.57 

15.50 

15.60 

15.32 

15.53 

15.51 

Sulphur 

1.613 

r.619 

I.613 

1.634 

1.590 

1. 65 1 

1.620 

Phosphorus  . 

0.126 

0.127 

0.I3I 

0.126 

0.123 

O.II2 

0.122 

Oxygen 

23.021 

22.814 

22.696 

22.850 

23.117 

22.857 

22.898 

100.000    100.000     100.000    100.000    100.000    100.000    100.000 

Analytical  Methods. 

Carbon  and  hydrogen  were  determined  by  using  an  open  tube  with  cop- 
per oxide,  lead  chromate,  and  metallic  copper,  and  finishing  the  combus- 
tion in  oxygen. 

Nitrogen  was  determined  by  Dumas'  method,  the  air  being  remoTed  by 
a  Sprengel  pump,  the  tube  then  filled  with  carbon  dioxide  set  free  bj 
heating  sodium  bicarbonate  at  the  front  end,  again  emptied  by  the  pump 
and  this  process  repeated.  In  this  way  all  the  air  was  removed  and  no 
fixed  gas  was  driven  off  on  heating  the  reagents.  Nitrogen  was  also 
determined  by  the  Kjeldahl  method  and  results  in  close  accord  with  those 
of  Dumas'  method  were  obtained. 

Sulphur  was  determined  by  fusing  about  i  gram  of  the  substance  with 
sodium  hydroxide  and  peroxide  over  an  alcohol  lamp.  The  reagents  were 
proved  to  be  free  from  sulphur. 

Phosphorus  was  determined  by  fusing  about  i  gram  of  the  substance 
with  sodium  peroxide,  dissolving  the  fusion  in  nitric  acid,  precipitating 
with  molybdic  solution  and  weighing  as  magnesium  pyrophosphate. 

The  figures  given  in  the  above  table  agree  well  with  those  of 
others  who  have  prepared  and  analyzed  ovalbumin  with  especial 
care  as  may  be  seen  in  the  following  table  : 

Composition  of  Ovalbumin. 

Hammarsten 

Chittenden  and  Bolton .... 
If  <( 


Bondzinski  and  Zoja . . . 
Osborne  and  Campbell 
Hopkins 


c. 

H. 

n. 

s. 

p.        0. 

52.25 

6.90 

15-25 

1.64 

• .  ■     23.69  uncoag 

52.33 

6.98 

15.89 

1.83 

- . .     22.97      " 

52.33 

6.98 

15.84 

I.8I 

. . .     23.04   coag. 

52.39 

7.II 

15.39 

1.66 

•  •  •     23.45       " 

52.75 

7.10 

15.51 

1.62 

0.12    22.90 

52.75 

7.12 

15.43 

1.57 
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There  would  be  no  longer  any  question  about  the  composition 
oi  ovalbumin,  were  it  not  for  Hofmeister's'  analysis  of  a  single 
preparation,  and  the  recent  assertion  of  Schulz,'  that  on  crystal- 
lizing by  the  **  acid  process  **  a  hydrate  of  Hofmeister's  egg 
albumin  is  formed.  This  we  have  shown  in  our  former  paper  to 
be  untrue,  for  we  there  gave  the  results  obtained  by  analyzing  a 
preparation  made  exactly  according  to  Hofmeister*s  method, 
which  agreed  quite  well  with  the  analyses  of  all  our  other  prep- 
arations made  by  the  acid  method  of  Hopkins. 

That  there  should  be  no  question  as  to  the  composition  of 
crystallized  ovalbumin  made  according  to  Hofmeister's  method 
we  made  preparation  No.  2,  recrystallized  six  times  and  coagu- 
lated by  alcohol.  No.  3,  by  recrystallizing  four  times,  pressing 
the  crystals  on  filter-paper,  dissolving  them  in  water,  dialyzing 
the  solution  perfectly  free  from  sulphate  and  evaporating  the 
filtered  solution  at  50°  to  dryness. 

Dried  at  i  lo*"  these  preparations  were  found  to  have  the  fol- 
lowing composition : 

Composition  op  Ovalbumin  Crystallized  by  Hopmeistkr*s  Method. 


Carbon 

Hydrogen . . 
Nitrogen  .  •  • 
Sulphur  . . . . 
Phosphorus- 
Oxygen  . . . . 


These  analyses  are  in  almost  exact  agreement  with  the  aver- 
age given  in  the  preceding  table,  and  fail  to  confirm  Hofmeister's 
figures  for  sulphur,  or  the  conclusions  drawn  by  him  and  by 
Schulz  respecting  the  relation  of  the  crystallized  albumin  to  that 
heretofore  obtained  by  other  methods.  The  percentage  of  car- 
bon found  by  us  falls  midway  between  that  given  by  Hof meister 
and  the  average  of  that  given  by  the  other  investigators,  with 
the  exception  of  Hopkins.  The  very  close  agreement  in  com- 
position between  all  the  many  fractions,  having  a  constant 
rotatory  power,   analyzed  by  Hopkins  and  by  ourselves,  leaves 

1  ZUchr.  physiol.  Chem.^  x6,  187. 
a  Ibid.,  99,  86. 


No.  3. 

No.  3. 

Average  of  the 

analyses  given 

on  page  365. 

52.82 

52.78 

52.75 

7-03 

7.07 

7.10 

15.32 

15.53 

15.51 

1.590 

I.65I 

1.62 

0.123 

O.II2 

0.12 

23.117 

22.857 
100.000 

22.90 

100.000 

100.000 
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little  doubt  as  to  the  true  elementary  composition  of  crystallized 
ovalbumin,  especially  in  view  of  the  close  agreement  of  these 
analyses  with  those  of  Hammarsten  and  of  Bondzynski  and 
Zoja. 

In  view  of  the  statements  recently  made  by  Schulz  concern- 
ing the  proportion  of  sulphur  in  ovalbumin/  we  used  the  very 
greatest  care  in  determining  this  element.  Our  solutions  of 
albumin  were  not  only  dialyzed  until  they  gave  no  reaction  with 
barium  chloride,  but  until  no  sulphate  could  be  detected  in 
the  water  outside  of  the  dial3rzer,  even  after  concentration.  That 
our  higher  figures  for  sulphur  are  not  due  to  ammonium  sul- 
phate, which  could  not  be  separated  from  the  albumin  by 
dialysis,  is  disproved,  not  only  by  the  close  agreement 
between  our  many  analyses,  but  also  by  the  fact  that  we 
obtained  exactly  the  same  figures  from  preparations  free 
from  conalbumin  and  ovomucoid,  made  by  coagulating  their 
dilute  solutions  at  7o°-95°.  Thus,  we  found  in  D.3.2,  1.61,  in  F. 
2.1,  1.64,  in  F. 3. 2, 1. 61,  and  in  E. 3. a,  1.63  per  cent.  We  have  no 
doubt  that  these  figures  very  closely  represent  the  true  propor- 
tion of  sulphur  contained  in  the  ovalbumin,  especially  as  they 
agree  with  the  figures  which  Hammarsten  obtained,'  by  four 
different  methods ;  namely,  1.67,  1.67,  t.62,  and  1.58  and  also 
with  those  of  Bondzynski  and  Zoja.  The  results  obtained  by 
Hopkins,'  which  have  come  to  our  notice  since  this  paper  was 
written,  leave  no  doubt  whatever  that  the  true  proportion  of 
sulphur  is  very  close  to  1.60  per  cent.,  Hopkins  finding  an 
average  of  1.57  per  cent,  while  we  find  1.62  per  cent.,  the  slight 
difference  between  our  results  being  doubtless  due  to  slight 
differences  in  our  methods  of  operation. 

It  is  to  be  noted  that  we  have  found  a  small  but  uniform 
quantity  of  phosphorus  in  all  our  preparations  of  crystallized 
albumin.  In  Table  I,  page  428,  it  is  seen  that  the  four  crystal- 
lized preparations,  B.i,  B.2,  C.i,  and  C.2,  all  contained  0.12  per 
cent,  of  phosphorus,  whereas  all  the  other  non-crystalline  prepa- 
rations contained  less,  the  amount  diminishing  as  the  proportion 
of  ovalbumin  diminished  in  the  successive  fractions.     In  Table 

1  Ztschr.  physiol  Chem.,  25,  16;  29,  86. 

2  Ibid.,  9»  304. 

>  Jour,  of  Physiology,  25,  306. 
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III,  page  432,  it  appears  that  D.3.1,  consisting  of  conalbumin, 
contained  but  o.oi  per  cent.,  whereas  D.3.2,  consisting  of  coagu- 
lated ovalbumin,  contained  o.ii  per  cent.,  and  D.3.3,  consisting 
of  ovomucoid,  contained  but  a  trace. 

In  our  earlier  series  of  preparations,  this  phosphorus  was 
found  in  the  ash,  as  calcium  phosphate ;  in  our  present  series, 
only  a  part  of  it  was  present  in  the  ash,  in  which  it  occurred  as 
sodium  or  potassium  metaphosphate. 

As  our  former  series  of  preparations  were  dialyzed  in  river 
water  containing  calcium  bicarbonate  and  our  later  series  in  dis- 
tilled water,  it  seems  highly  probable  that  this  phosphorus 
belongs  to  an  acid  united  with  the  crystallized  albumin  in  the 
same  manner  as  the  writer  has  shown  that  hydrochloric  acid 
unites  with  edestin  to  form  crystalline  compounds.^ 

As  to  the  nature  of  this  phosphorized  acid  we  have  learned 
nothing,  owing  to  the  small  proportion  in  which  it  is  present. 

m 

THE   CARBOHYDRATE   SPUT   PROM  THE  OVALBUMIN  BY  BOILING 

WITH    ACIDS. 

These  purest  preparations  of  ovalbumin,  which  we  have  shown 
to  have  a  constant  specific  rotation,  the  same  composition  and 
the  same  temperature  of  coagulation,  when  boiled  with  acids, 
all  give  solutions  which  yield  considerable  quantities  of 
crystalline  precipitates  with^henylhydrazine. 

When  boiled  with  3  per  cent,  hydrochloric  acid  for  thirty 
minutes,  the  solution  obtained  reduces  Pehling's  solution,  but 
fails  to  do  so  after  boiling  for  three  hours.  The  addition  of 
Fehling's  reagent  to  such  solutions  causes  an  intense  biuret 
reaction,  but  no  reduction  of  the  copper  salt  takes  place,  even 
after  adding  considerable  quantities  of  glucose.  Evidently,  by 
continued  boiling,  some  substance  is  produced  which  prevents 
the  reduction  of  the  Fehling's  solution.  Blumenthal  and 
Mayer'  state  that  after  long  boiling  this  reduction  is  not  so 
easily  detected  as  after  boiling  for  a  short  time. 

Ten  grams  of  each  of  the  four  preparations,  B.i,  B.2,  Ci,  and 
C.2,  were  boiled  with  200  cc.  of  '9  per  cent,  sulphuric  acid  for  three 
hours  and  the  solutions  neutralized  to  litmus  with  baryta.  The 
soluble  matter  was  filtered  out,  washed  with  water,  and  the  filtrate 

1  This  Journal,  ai,  486. 
s  Bgr.  d.  chem.  Ges.^  33,  374. 
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and  washings  were  evaporated  to  a  volume  of  loo  cc.  To  this 
solution  lo  grams  of  sodium  acetate  were  added  and  5  cc.  of  a 
mixture  of  equal  volumes  of  phenylhydrazine  and  99  per  cent, 
acetic  acid,  and  the  whole  heated  for  three  hours  in  boiling 
water.  After  standing  over  night,  the  crystalline  precipitates 
were  filtered  off  and  washed  rapidly  with  water  and  then  with 
absolute  alcohol,  which  removed  a  considerable  quantity  of  deep 
red-colored,  amorphous  substance.  The  washed  precipitates 
were  then  dried  at  no**  and  weighed. 

In  order  to  learn  the  effect  of  the  presence  of  ovomucoid, 
upon  this  precipitation  with  phenylhydrazine,  10  grams  of  G.4, 
which  had  a  specific  rotation  of  39°  22',  and  contained  much 
ovomucoid,  were  treated  in  the  same  manner  as  these  albumin 
preparations  and  at  the  same  time  with  them. 

For  comparison,  100  cc.  of  a  solution  containing  i  gram  of 
glucose  were  treated  with  phenylhydrazine  under  the  same  con- 
ditions. The  filtrate  from  each  phenylhydrazine  precipitate  was 
further  treated  with  5  cc.  of  phenylhydrazine  and  10  grams  of 
sodium  acetate  and  a  second  precipitate  obtained.  From  the 
filtrates  from  the  second  precipitations  no  more  could  be  sepa- 
rated by  further  additions  of  phenylhydrazine.  The  weight  of 
each  precipitate  dried  at  no**,  is  given  in  the  following  table  : 

B.2.         C.I.         C.2.         G.4.    Glucose. 

Gram.  Gram.  Gram.  Gram.  Gram. 

0.1327         O.1831  0.0902         0.2175         0.3098 

0.1027         0.0980         0.0281  0.2684         0.3187 


B.I. 

Gram. 

1st  . . . . 

0.2019 

2nd  • . . 

0. 1030 

0.3049      0.2354       0.271 1        O.II83       0.4859       0.6285 

Since  from  C.2  we  got  so  much  less  of  this  substance  than 
from  the  others,  we  repeated  this  experiment,  using  for  the  first 
precipitation  10  cc.  of  the  phenylhydrazine-acetic  acid  mixture 
and  20  grams  of  sodium  acetate.     In  this  way  we  got 

C.2. 

Gram. 

1st 0.1787 

2nd 0.0894 

0.3681 

The  crystals  of  the  osazone  obtained  from  the  albumin  con- 
sisted of  feathery  sprays  and  always  appeared  distinctly  differ- 
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ent  from  the  aggregates  of  needles  yielded  by  glucose.  Two 
different  preparations  of  the  phenylhydrazine  compound  were 
separately  recrystallized  by  dissolving  in  boiling  absolute  alcohol, 
addin  gwater,  boiling  until  most  of  the  alcohol  bad  been  expelled, 
and  then  allowing  the  solution  to  cool  slowly  until  the  substance 
separated  in  beautiful,  yellow  crystals  of  the  same  form  as  the 
original  precipitate.     These  melted  at  187°  and  189°. 

The  amount  of  this  osazone  indicates  that  a  considerable 
quantity  of  carbohydrate  is  split  from  our  albumin  preparations 
by  boiling  with  acids.  The  quantity  of  osazone  which  we 
obtained  from  our  preparations  varied  from  one- third  to  one- 
half  of  that  given  by  i  gram  of  glucose  under  like  conditions, 
and  if  the  compound  from  the  albumin  is  precipitated  in  the 
same  proportion  as  the  glucosazone  we  may  infer  that  the 
albumin  yields  on  hydrolysis  from  3  to  5  per  cent,  of  carbohy- 
drate. The  amount  of  osazone  which  we  have  actually  obtained 
corresponds  to  from  2-2.5  P^r  cent,  of  carbohydrate  calculated 
as  glucose.  Hofmeister'  obtained  from  i  gram  of  ovalbumin 
0.13  gram  of  osazone,  from  which  he  infers  the  presence  of  15 
per  cent,  of  carbohydrate. 

Does  this  carbohydrate  come  from  the  ovalbumin  or  from  a 
residue  of  ovomucoid  which  we  have  not  separated  by  our  frac- 
tional crystalliziations  ?  Seemann'  obtained  a  copper  oxide 
reduction  from  ovomucoid  corresponding  to  34.9  percent,  of  glu- 
cose. If  this  proportion  is  correct,  we  must  have  at  least  6  per 
cent,  of  ovomucoid  in  our  albumin  preparations,  to  account  for 
the  minimum  yield  of  osazone,  corresponding  to  2  per  cent,  of 
carbohydrate.  This  is  probably  the  least  quantity  of  ovomucoid 
which  could  yield  this  quantity  of  osazone.  From  the  incom- 
pleteness of  precipitation  of  osazone,  it  is  probable  that  the 
quantity  of  ovomucoid  would  have  to  be  more  than  twice  as 
great  to  yield  the  quantity  of  osazone  found.  From  G.4,  which 
had  a  specific  rotation  of  39^*22',  we  obtained  nearly  twice  as 
much  osazone  as  from  the  ovalbumin,  due  unquestionably  to  the 
presence  of  ovomucoid  in  this  preparation.  If  this  increased 
yield  of  osazone  is  attended  by  an  increase  of  10°  in  the  rotation, 
an  admixture  of  ovomucoid  sufficient  to  yield  such  quantities  of 

1  Ztschr.  phystoL  Chem.^  34,  170. 

2  Archiv.  f.  Vrrdaungskrankheit,  4,  275. 
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osazone  would  manifest  itself  by  variations  in  the  rotation  of 
these  albumin  preparations,  it  being  improbable  that  so  mach 
ovomucoid  was  admixed  in  uniform  proportion  in  the  successive 
crystallized  precipitates.  We  have  shown  on  page  438  that  the 
preparations  of  ovalbumin  when  coagulated  by  heat,  left  in 
solution  a  small  quantity  of  uncoagulable  matter  amounting  to 
about  1.6  per  cent,  of  the  albumin,  the  nature  of  which  we 
have  been  unable  to  discover,  owing  to  its  small  quantity.  It 
may  be  ovomucoid,  since  it  contains  proteid  matter  and  yields  a 
copper-reducing  body  on  boiling  with  acids,  but  in  general 
appearance  and  manner  of  dissolving  it  does  not  behave  like 
ovomucoid.  As  already  stated  on  page  439,  we  think  it  more 
probable  that  this  substance  is  a  product  of  the  action  of  acetic 
acid,  whereby  a  small  quantity  of  uncoagulable  acid  compounds 
of  the  albumin  is  formed.  Hydrochloric  acid,  added  in  the  same 
proportion  as  acetic  acid,  converts,  in  the  absence  of  soluble 
salts,  nearly  all  of  the  albumin  into  such  uncoagulable  com- 
pounds. A  somewhat  greater  quantity  of  acetic  acid  does  the 
same,  entirely  preventing  coagulation.  We  therefore  feel  almost 
certain  that  the  carbohydrate  does  not  originate  in  admixed 
ovomucoid,  but  is  derived  from  the  substance  constituting  the 
crystallized  ovalbumin. 

This  belief  is  strengthened  by  the  fact  that,  so  far  as  we  know, 
all  but  two  of  the  several  investigators  who  have  thus  examined 
coagulated  egg  albumin,  have  found  evidence  of  the  presence  of 
considerable  quantities  of  carbohydrates  among  its  hydrolytic 
decomposition  products,  although  most  of  them  have  endeavored 
to  separate  every  trace  of  ovomucoid.  Spencer,*  who  failed  to 
find  carbohydrate,  boiled  his  coagulated  albumin  for  several 
hours  with  weak  potash  and  then  for  thirty  minutes  with  10  per 
cent,  potash,  a  procedure  which  might  lead  to  the  destruction  of 
carbohydrate.  Moerner'  who  also  found  no  carbohydrate,  gives 
no  account  of  the  method  he  used  in  preparing  the  ovalbumin. 

Hammarsten  regards  crystallized  ovalbumin  as  a  glycoproteid 
and  considers  the  carbohydrate  group  to  be  a  constituent  of  a 
non-proteid  substance  combined  with  the  protein  substance 
proper. 

1  Zischr.  pkysioL  Chem.,  24, 354. 

2  Centrbl.  Physiol.,  7. 
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This  is  certaiuly  true  of  the  nucleoproteid  of  the  pancreas 
from  which  Bang  obtained  guanylic  acid,  which  on  hydrolysis 
yielded  about  30  per  cent,  of  carbohydrate.  The  mucins  also 
appear  to  be  compounds  of  protein  matter  with  sugar-yielding 
substances. 

We  have  stated  our  belief  that  crystallized  ovalbumin  is  a 
compound  of  some  acid  with  protein  substance  and  consider  it 
quite  probable  that  this  acid  contains  the  carbohydrate  group. 

We  have  been  unable  to  obtain  any  evidence  of  carbohydrate 
in  edestin,  the  crystallized  globulin  of  hemp-seed,  nor,  according 
to  Hammarsten,  can  a  carbohydrate  be  split  from  casein,  vitellin, 
myosin,  and  fibrinogen.  This  subject  requires  further  careful 
study  before  a  definite  conclusion  can  be  reached.  At  present 
the  preponderance  of  evidence  indicates  that  the  carbohydrate 
is  not  derived  from  the  protein  molecule,  but  from  substances 
combined  with  the  protein  as  it  is  obtained  from  the  tissues  or 
secretions. 

Canalbumin, — Our  fractions  of  the  proteids  of  ^gg  white 
obtained  after  separating  the  crystallized  fractions,  all  have  a 
higher  rotation  and  sulphur  content  and  a  lower  temperature  of 
coagulation  than  ovalbumin,  as  is  shown  in  Table  I.  In  Table 
III  we  showed  that  these  fractions  could  be  separated  into  two 
products  by  heating  their  solutions  to  Ss"*,  filtering  off  the 
coagulum,  and  then  heating  the  filtrate  to  90*.  In  the  filtrate 
from  this  latter  coagulum  a  substance  remained  which  was  not 
coagulated  by  boiling. 

The  body  coagulating  at  the  lower  temperature  we  designate 
amalbumin,  on  account  of  its  close  relation  in  properties  and 
composition  to  ovalbumin.  What  this  relation  may  be,  we  have 
not  determined.  Conalbumin  and  ovalbumin  may  be  different 
compounds  of  the  same  protein,  or  the  former  may  be  a  deriva- 
tive of  the  latter  involving  a  molecular  change. 

Composition  of  Coagui^ated  Conai^bumin. 

D.d.l.  F.3.I.  IV.3.1.  Averag^e. 

I.  II.  I.  II.  I.  II. 

Carbon 52.17  52.20  52.47  52.14  52.25 

Hydrogen  ...  6.98  6.70  ....  ....  7.02  7.09  6.99 

Nitrogen  ....  16.04  16.16  16.03  16.15  16.16  ....  16. 11 

Sulphur 1.67  ....           1.73  ....  1. 71  ....  1.70 

Oxygen 23. 14  ....          ...  22.64  •  •  •  •  22.95 

100.00  100.00  100.00 
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These  figures  show  very  little  difference  in  composition 
between  ovalbumin  and  conalbumin,  the  carbon  being  about  0.5 
per  cent,  lower,  the  nitrogen  about  0.53  per  cent,  and  the  sulphur 
0.08  per  cent,  higher. 

It  is  possible  that  the  higher  sulphur  is  due  to  a  little  ovomu- 
coid carried  down  with  the  coagulum,  but  this  is  hardly  prob- 
able, as  the  ovalbumin  coagulated  in  the  filtrates  from  these 
preparations  contained  1.61  per  cent,  of  sulphur,  which  is  exactly 
the  quantity  found  in  the  most  thoroughly  purified  preparations 
of  ovalbumin. 

Temperature  of  Coagulation, — When  a  solution  of  conalbumin 
is  heated  suflSciently,  a  finely  divided  flocculent  coagulum  sepa- 
rates which  is  very  different  from  the  dense  masses  that  form  in 
a  similar  solution  6f  ovalbumin.  As  we  could  not  separate  the 
conalbumin  from  the  other  associated  proteids  except  by  coagu- 
lation, the  temperature  of  coagulation  of  this  albumin  could  not 
be  determined  under  definite  conditions.  The  temperature  at 
which  this  substance  begins  to  coagulate  is  influenced  by  the 
proportion  of  salts  present.  From  a  solution  containing  10  per 
cent,  of  sodium  chloride  it  separates  at  a  lower  temperature 
than  from  solutions  in  pure  water.  From  the  former  solutions  it 
apparently  separated  completely  below  60**,  whereas  from  the 
latter  it  is  impossible  to  separate  it  from  the  ovalbuitiin  because 
the  latter  begins  to  coagulate  before  the  separation  of  the  conal- 
bumin is  complete. 

From  solutions  containing  10  per  cent,  of  sodium  chloride  the 
preparations  D.3.1  and  K.3.1  separated  below  60^,  the  solutions 
becoming  turbid  at  about  55°.  When  2.5  per  cent,  of  K.3,  D.3, 
and  F.3  were  each  dissolved  in  10  per  cent,  brine  their  solutions 
became  turbid  at  57°,  52°,  and  58®,  and  flocks  separated  at  58**, 
55°,  and  59**,  respectively. 

Specific  Rotation, — This  we  were  unable  to  determine  directly 
but  indirectly  the  following  results  were  obtained :  of  F.i,  1.5 
grams  were  dissolved  in  10  per  cent,  brine,  the  solution  heated 
to  65°,  and  the  coagulum  filtered  out  and  washed.  The  filtrate 
was  heated  to  98°  and  the  coagulum  also  filtered  out  and  washed. 
The  nitrogen  was  then  determined  in  each  coagulum  and  in  the 
final  filtrate,  and  the  proportion  of  conalbumin,  calculated  on 
the  dry  preparation,  was  found  to  be  25  per  cent ;  of  ovalbumin 
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62.7  per  cent ;  and  of  ovomucoid  12.2  per  cent.  Subtracting  the 
amount  of  rotation  due  to  the  sums  of  the  two  latter  from  the 
total  rotation  of  F.i,  we  found  the  amount  of  rotation  caused  by 
the  25  per  cent,  of  conalbumin,  which  for  100  per  cent,  was 

equal  to  [ajo— 39"*- 

In  the  same  way  we  found  F.3  to  contain  36.6  per  cent,  of 
conalbumin,  39.7  per  cent,  of  ovalbumin,  and  23.7  per  cent,  of 
ovomucoid,  from  which  we  calculated  for  the  conalbumin 
[flrjij — 36°.  F.2.a  contained  30.9  per  cent,  conalbumin,  48.9 
per  cent,  ovalbumin,  and  20.4  per  cent,  ovomucoid,  so  that  in 
this  preparation  we  found  [a]  d  equal  to  — 36**  21'. 

Of  course  such  determinations  cannot  be  accepted  as  final  but 
they  are  sufficiently  accurate  to  show  that  conalbumin  has  a 
different  specific  rotation  from  ovalbumin  and  is  therefore  a 
different  substance.  This  conalbumin  appears  to  be  identical 
with  albumin  II,  described  by  Panormoff,*  but  so  far  as  we  can 
infer  from  this  abstract  of  his  original  paper*  the  substance  which 
he  describes  under  this  designation  corresponds  very  closely  with 
our  fractions  C.3,  D.i,  D.2,  and  D.3,  whose  mean  rotation  and 
other  properties  are  the  same  as  those  given  for  albumin  II. 

These  fractions  we  have  shown  to  be  mixtures  of  ovalbumin, 
conalbumin,  and  ovomucoid. 

Ovomucoid, — After  separating  all  the  proteids  coagulable  by 
heat,  Neumeister'  found  in  the  white  of  eggs  a  substance  which 
he  called  pseudopeptone.  Later  Morner^  showed  this  to  be 
a  glycoproteid  and  named  it  ovomucoid,  under  which  name  it  is 
now  generally  known. 

In  Table  I  it  is  to  be  noticed  that  all  the  fractions  following 
those  of  the  crystallized  ovalbumin  show  an  increasing  value  for 
\ot\  D  and  proportional  thereto  an  increasingly  greater  content  of 
sulphur.  This  is  chiefly  due  to  ovomucoid  associated  with 
these  fractions.  In  connection  with  the  detection  of  sugar  in 
the  albumin  molecule,  it  is  important  to  recognize  the  difficulty 
with  which  ovomucoid  can  be  separated  from  ovalbumin  by 
fractional  precipitation  with  ammonium  sulphate. 

As  we  have  just  shown,  fraction  F.i  contained  12.2  per  cent., 

i  Chem.  Centrbl.,  xx,  487  (1898). 

2  Jour.  russ.  phys.  chem.  Ges.,  30,  302. 

«  Zlschr.  Biol,  N.  F.,  9,  369  (1890). 

*  Ztichr.  physiol.  Chem.,  x8,  525   (1893). 
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J^-3»  23.7  per  cent.,  and  F.2.a,  20.4  per  cent,  of  ovomucoid. 
These  fractions  were  obtained  from  those  immediately  following 
the  separation  of  the  crystalline  ovalbumin,  and  P.i  was  precipi- 
tated by  simply  adding  an  equal  volume  of  saturated  ammonium 
sulphate  solution  to  the  solution  of  these  fractions. 

We  have  obtained  two  preparations  of  ovomucoid  in  sufficient 
quantity  for  analysis  and  have  found  them,  when  dried  at  IIo^ 
to  have  the  following  composition,  which  agrees  with  that  given 
by  Zanetti*  and  by  Morner*. 

Composition  of  Ovomucoid. 

E.4  D.3.3.  Zanetti.i  Momer.s 

Carbon 4902  48.90  48.94  48.75          •  •  •  • 

Hydrogen 6.45          6.61  6.94  6.90          .... 

Nitrogen 12.71  22.16  12.46         12.65 

Sulphur 2.38          2.34  2.22  ....           2.20 

Oxygen 29.44  29.99  29.44         .... 

100.00       loo.bo      100.00 

The  specific  rotation  was  found  to  be  E.4,  — 61®  38';  D.3.3, 
i^  10';  F.3.3,  —61°  20';  K.3.3,  —61*  30'. 


NOTE. 

The  Employment  of  Amm^onium  Molybdate  as  a  Test  for  Tin, 
— In  the  April  number  of  this  Journal  there  is  a  note  by  Mr. 
Allen  Rogers  on  the  use  of  ammonium  molybdate  as  '*a  very 
delicate  test  for  tin."  Mr.  Rogers  does  not  refer  to  my  paper  on 
this  subject  in  the  Chemical  News  for  December  15  last,*  and  I 
shall  therefore  assume  that  he  has  not  seen  it.  t^erhaps  I  may 
therefore  be  permitted  to  state  briefly  the  substance  of  that 
paper. 

Although  the  color  reaction  involved  is  a  well-known  test  for 
molybdenum,  I  have  been  unable  to  find  that,  prior  to  the  appear- 
ance of  my  paper,  it  had  ever  been  suggested  as  a  test  for  tin  ; 
and,  having  regard  to  its  extreme  delicacy  in  this  respect,  it 
seems  highly  improbable  if  it  had  been,  that  the  fact  would  have 
been  allowed  to  go  into  oblivion.     My  own  experience,  and  I 

I  Ann.  di  Chim.  e  Farmac,  No.  la.  1897. 
*^  Zeit.  physiol.  Chem.,  z8,  525. 
8  Chem.  News,  79,  282  (1899). 
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believe  that  of  others  also,  is  that  the  detection  of  tin  in  com- 
plex mixtures  is,  with  the  methods  of  the  text-books,  a  great 
difficulty  to  students,  whereas  the  test  now  proposed  makes  it 
exceedingly  easy — assuming  ordinary  care  to  be  taken. 

For  the  success  of  this  method,  two  important  points  must  be 
attended  to:  Firsts  in  reducing  stannic  chloride  to  stannous 
chloride,  the  zinc  employed  must  be  entirely  free  from  traces  of 
tin.  Samples  of  commercial  zinc  that  I  tried  were  found  quite 
useless  for  the  purpose.  I  employed  pure  zinc  supplied  by  Har- 
rington's for  my  experiments.  Second,  since  a  very  dilute 
stannous  solution,  on  exposure  to  air,  becomes  oxidized  to 
stannic  in  a  marvelously  short  time,  as  soon  as  the  zinc  and  tin 
are  completely  dissolved  in  hydrochloric  acid  and  the  solution  is 
diluted,  the  ammonium  molybdate  must  be  added  at  once. 

I  observe  that  Mr.  Rogers  finds  that  '  *  a  solution  of  stannic 
chloride  containing  0.0000042  gram  to  i  cc.  gives  a  faint  blue 
color  with  ammonium  molybdate."  This  corresponds  to  i  part 
of  stannous  chloride  in  rather  less  than  240,000  parts  of  solution. 
Had  he  used  boiled  water  in  making  up  his  solution,  he  would 
have  found  that  the  delicacy  of  the  test  is  far  greater  than  this. 
By  taking  the  precautions  described  in  my  paper,  I  was  enabled 
to  get  a  delicacy  of  i  in  1,500,000.  I  concluded,  however,  that 
under  ordinary  conditions  of  working,  a  very  distinct  blue  color 
is  given  by  the  presence  of  i  part  of  stannous  chloride  in  any- 
thing up  to  100,000  parts  of  solution. 

I  am  very  glad  to  find  that  Mr.  Rogers  confirms  my  experi- 
ence in  three  points  :  (i)  that  ammonium  molybdate  is  a  much 
better  reagent  than  mercuric  chloride  for  stannous  chloride;  (2) 
that  the  reagent  must  not  be  added  without  first  of  all  diluting 
the  hydrochloric  acid  present  in  the  solution  to  be  examined  ; 
and  (3)  that  the  ordinary  laboratory  reagent  gives  results  that 
are  most  satisfactory. 

I  shall  merely  add  that  the  method  has  been  used  in  this 
laboratory  during  the  past  five  months  with  uniform  success. 

J.  P.  LONGSTAFF. 
Chbbcical  Laboratory,  University  op  Edinburgh,  May  33,  1900. 
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R&PERTOIRB  G^N^RAI^  OU  DiCTIONNAIRE  MBTHODIQUE  DE  BibI.1- 
OGRAPHIE  DES  INDUSTRIES  TlNCTORIAI,ES  ET  DES  INDUSTRIES  ANNEXES 
DBPUIS  I*ES  ORIGINES  lUSQU'  A  I,A  FIN  DE  I,*ANNEE,    1896.      Technologie 

et  Chimie.  Par  Jules  Gargon.    Tome  I.     Paris  :  Gauthier-Villars.    1900. 
74  pp.   Premier  Fascicule. 

This  dictionary  of  the  bibliography  of  the  dyeing  industries 
and  allied  subjects,  is  one  of  the  most  important  pieces  of  bibli- 
ographical work  that  has  ever  been  attempted  for  the  use  and 
convenience  of  chemists  and  technologists.  It  originated  with 
the  chemical  section  of  the  Soci^t6  Industrielle  de  Mulhouse  in 
1892,  and,  after  a  labor  of  five  years,  the  finished  work  was  sub- 
mitted to  the  society  in  1897,  when,  after  careful  examination  at 
the  hands  of  a  commission  of  experts,  it  was  awarded  the 
Daniel  Dollfus  grand  prize  of  5,000  francs  and  a  medal  of  honor. 
The  magnitude  of  this  piece  of  bibliography  will  be  understood 
when  we  state  that  the  author  makes  reference  to  some  2,000 
distinct  works  and  to  no  periodicals,  which  latter  make  up 
about  5,000  volumes  more.  The  first  part  of  Vol.  I,  at  present 
under  notice,  is  devoted  to  the  introduction,  outlining  the  scope 
of  the  work  and  giving  a  list  of  the  bibliographic  sources 
availed  of,  both  official  publications  and  records  and  general  and 
special  bibliographical  publications  and  catalogues ;  an  alpha- 
betical list  of  subject-headings  under  which  the  material  is 
arranged ;  and  a  list  of  the  periodicals  from  which  the  references 
are  taken.  The  second  part  of  Vol.  I  will  be  devoted  to  the 
indices  of  authors  cited  and  subjects  treated,  while  Vols.  II 
and  III  will  be  the  reference  dictionary  proper  arranged  under 
the  various  subject-headings.  The  scheme  seems,  on  examina- 
tion, to  be  a  very  complete  one  and  the  part  of  the  work  now  in 
hand  promises  well  for  the  way  in  which  it  will  be  executed. 

The  first  part  of  Volume  I  has  been  issued,  as  just  noticed,  and 

the  second  part  of  the  volume  is  stated  to  be  now  in  press; 

Volume  II  is  ready  for  distribution  and  Volume  III  is  promised 

by  the  end  of  1900. 

S.  P.  Sadtler. 
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DETERniNATlON  OF  THE  CONSTANTS. 

THE  samples  of  com  oil,  the  determination  of  whose  con- 
stants has  been  reported  in  the  present  article,  are  here 
designated  as  Nos.  I,  II,  and  III. 

Oil  No.  /is  a  commercial  article,  bought  of  a  reputable  dealer 
and  intended  for  use  in  the  manufacture  of  cheap  paints.  It  has 
been  kept  in  a  corked  tin  can  for  six  to  seven  years.  It  is  of  a 
bright,  golden  yellow  color,  is  free  from  foots,  and  has  a  pro- 
nounced grain-like  odor. 

Oil  No,  II  is  a  sample  freshly  prepared  by  hydraulic  pressure 
and  is  of  undoubted  purity.  Its  color  is  somewhat  lighter  and 
its  grain-like  odor  more  marked  than  that  of  oil  No.  I. 

Oil  No,  III  is  a  product  of  the  mash  of  distilleries.  It  is  golden 
brown  in  color  and  from  ten  to  twelve  years  old.  The  properties 
of  this  oil  have  been  so  affected  by  the  process  of  manufacture 
that  it  is  practically  distinct  from  the  other  samples  examined. 
For  this  reason  and  because  this  method  of  manufacture  is  now 
obsolete,  its  examination  was  dropped  at  an  early  stage. 


tRMANN  T.  VCLTE  AND  HARRIET  WINFIELD  GIBSOK. 
DBTBRMINATION  OP  PHYSICAL  CONSTANTS. 
A.     Specific  Gravity, 
the  Sprengel  tube  and  the  Westphal  balance  were  used 
ing  this  determination,  although  but  little  reliance  can 
:ed  on  the  latter  beyond  the  second  place  of  decimals. 
Its  Obtained : 

Oil,  No.  I. 


'5X3:: 


Wt-oll 
IJ.S*C. 


'toil 


8p.  RT. 

ij-s" c, 
0.9116 

0.9313 


CriDu.  Gninii.  Grami. 

1.5*65  1-4068  I.3315 

1-6404  1-5113  1-4297 

1.3603  1.3538  I.1848 

Average  for  Sprengel  tube 

Westphal  balance 

Oit  No.  II. 

3.0130        1-8547        1-7554 

a.1788       a.oo7a        1.8958 

Average  for  Sprengel  tube 0.9313 

Westphal  balance o.g3t 

Oil  No.  III.' 

10037       o.9»88       0.8789       0.9253 

1-5718        1.4551        1-3780       0.9357 

Average  for  Sprengel  tube 0.9355 

Westphal  balance 0.9355 

tarison  with  Results  of  Other  Observers. 


■  0.931 


0.93136 
1.93124 


sp.et 

0.8711 
0J715 
0.8710 
0.8716 


0,87103 

0.8701 1 
0.87107 


0.874S 
0.8767 

0^756 


f^- 


Objerver. 

Roldtianski' 
Ctutmann 

Shuttleworth 

Schaedler 

De  Negri  and  Fabris 
Trimble 
Harf 
Hopkins 
Duli^re 
Smith 
DeNegri' 
Mills 
14  •ample  ol  oil  from  msih  o< 


Ph.  Russ.  (1894),  712-713. 

Chem.  Centrbl.,  jg,  1193. 

I^arm.J.,iitiy.,  1889. 

Pharm.J.,  iC,  1095. 

J.  Soc.  Chem.  Ind.,  »i,  504. 

/.  Soc.  Chem.  Ind.,  17.  Ii. 

Zlschr.  anal.  Chem.,  33, 547-7J. 

Am.  J.  Pharm.,  58,  365. 

Chem.  Ztg.,  17.  153a. 

This  Journal,  Dec.,  1898. 
J.narm.  (1897).  317. 
/.  Soc.  Chem.  Ind.,  11,  504-5, 

Chem.  Ztg.,  as,  961-9715. 
J.  Soc.  Chem.  Ind.,  it,  504-5, 
diaiillei?. 
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B.      Viscosity, 

This  determination  was  made  by  means  of  a  Boverton-Red- 
wood  viscosimeter  and  the  instrument  standardized  for  both  dis- 
tilled water  and  rape  oil  at  20**  C. 

Results  Obtained: 

Av.  time 
Tempera-    of  flow.         Viscos.         Viscos. 
ture.       Seconds.        water.  water. 

Distilled  water 20®  29  i  .00         

Rape  oil 20°  405.5  ..••  100.00 

Oil  No.  1 20°  283.7  9.79  70.42 

Oil  No.  II 20®  297.7  10.27  73.89 

Comparison  with  Results  of  Other  Observers  : 

Tempera-  Viscos.       Viscos. 

ture.  water.         rape.       Observer.  Reference. 

18®  C.-19®  C  61. 1        Smith  y.  Soc.  Chem,  Ind,,  xi,  504. 

15®  C.  19.2  . . .        And^s  *'  Veg.  Fats  and  Oils." 

Viscosity  of  almond  oil  Shuttleworth    /%arw.y.,  x6,  1095. 

Viscosity  greater  than  olive         Bowers         /%flrwf./.,  Nov.,  1889'. 

C.     Index  of  Refraction. 

The  instrument  used  for  this  determination  was  Abba's  re- 
fractometer. 

Results  Obtained: 

Oil  No.  I.  — 

Temperature.  A.  T. 

I 15°  C.  1.4768  35.8 

2 15®  C.  1.4766  36.0 

3 • 20*>  C.  1.4762  35.9 

4 20°  C.  1.4760  35.9 

Average  for 15°  C.  1.4767  35-9 

Average  for 20*^  C.  1.4761  35.9 

Oil,  No.  II. 

I 15**  C.  1.4765  35-8 

2 15®  C.  1.4766  36.0 

3 15*"  C.  1.4767  36.0 

Average  for 15*0.  1.4766  35.9 

Oil  No.  III. 

1 19-5®  C.  1.4767  36.2 

2 20®     C.  1.4766  36.2 

3 2o.5®C.  1.4764  36.3 

Average  for 20°     C.  1.4765  36.2 
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parison  with  RestUls  of  Other  Observers  : 

ipera-       Refractive 

ire.  ladex,  Ob«*nfer.  Reference. 

"  C.  1-4765  Proctor  /.  Soc.  Chem.  Ind.,  17.  ii- 

;MINATION    OF    CHEMICAL    CONSTANTS— QUANTITATIVE, 

A.  Free  Add. 
method  given  in  Allen's  "Commercial  Organic  Analy- 
I  (I),  104,  was  used  in  this  determination,  substitating  a 
re  of  9  parts  neutral  alcohol  and  i  part  ether  for  the 
lated  spirit.  The  perceatage  of  free  acid  was  calculated 
c  acid. 
Uts  Obtained: 

Oil.  No.  I. 
wt.  oil.     Vol.  fl/vi      Add       Free  acid.    Dcf  teei 
Gcamt.      KOH.  cc.       Tilue.        Percent.       Bciditir. 

- 10.6617         7.0         3-68         1.851  6.56 

7-2552  4-8  3.71  1-851  6.6» 

Average 3,70  1.851  6,59 

Oil,  No.  II. 

9-9*94         4-0  a,a6  1.136  4.03 

13-081S         5.3  a.23  i.iii  3.97 

Average 1.35  1.128  4.00 

Oil,  No.  III. 

4-3351         15-6  30.64  lo-SS?  36.83 

6.3736         33.1  30.66  10.385  36.83 

Average ao.65  10.386  36.83 

parison  wiih  Results  of  Other  Observers  .■ 

■ee  acid. 

CT  cent.  Observer.  ReletCDce. 

0,75  Hart  CAem.  Ztg.,  17,  1533. 

o.aS  Lloyd  Chem.  Cenlrbl.,  SO.  257. 

0.00  Spiiller  Ding,  ^oifj'.y.,  364, 626. 

5.65  De  Negri  Chem.  Zlg.,  »a,  961-976. 

B.     Iodine  Absorption  Hubl  Figure, 
•ssary  Solutions. — 

IgCI,  in  95  per  cent,  alcohol,  60  grams  per  liter. 
odine  in  95  per  cent,  alcohol,  50  grams  per  liter. 
alcohol  used  was  purified  by  oxidation  with  potassium 
aganate  and  subsequent  distillation  over  calcium  carbon- 
rhe  distillate   was   rejected   until   no   discoloration  was 
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shown  on  heating  a  small  portion  with  a  lump  of  solid  potash 
for  ten  minutes. 

3.  N/io  sodium  thiosulphate. 

4.  Twenty  per  cent,  solution  of  potassium  iodide  in  distilled 
water. 

5.  Solution  of'boiled  starch  as  indicator. 

Process, — Thin  Erlenmeyer  flasks,  having  accurately  fitted 
ground-glass  stoppers  and  flaring  mouths,  thus  forming  a  gut- 
ter between  flask  and  stopper,  were  used  for  this  operation. 

Equal  parts  of  solutions  i  and  2  were  mixed  twenty-four  hours 
before  each  test  and  allowed  to  stand  in  the  dark  until  needed. 
About  0.250  gram  oil  was  weighed  into  a  test  flask,  the  oil  dis- 
solved in  10  cc.  chloroform,  and  25  cc.  of  the  mixed  Hiibl  solu- 
tion added.  The  excess  of  Hiibl  solution  was  afterward  found 
to  be  about  100  per  cent.  The  flask  was  then  stoppered,  the 
gutter  filled  with  potassium  iodide  solution,  and  the  whole  set 
away  in  the  dark  for  twenty-four  hours.  A  blank  was  run  for 
every  determination. 

After  twenty-four  hours  the  stopper  was  removed,  sufficient 
X>otassium  iodide  solution  added  to  the  contents  of  the  flask  to 
prevent  any  precipitation  of  mercuric  iodide  and  enough  dis- 
tilled water  to  make  the  bulk  convenient  for  titration.  The 
liquid  was  then  titrated  with  N/io  sodium  thiosulphate,  starch 
indicator. 

Results  Obtained: 

Oil*  No.  I. 

Wt.  oil.       Vol.  hypo.       Wt.  iodine.     Iodine  absorption. 
Gram.  cc.  Gram.  Per  cent. 

1 0.1986  18.9  0.235323  118.44 

2 0.2466  23.7  0.295088  119.66 

3 0.2677  26.0  0.323725  120.90 

4 0.22835  22.0  0.273921  119-95 

Average  Hiibl  figure 1 19-74 

Oil  No.  II. 

1 0.2708  26.2  0.322183  118.97 

2 0.2441  23.3  0.290108  118.85 

3 0.2697  25.7  0.319990  118.65 

4 0.3070  29.1  0.326232  118.02 

Average  Hiibl  figure 1 18.62 
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Oil,  No.  III. 

Wt.  oil.       Vol.  hjpo,  Wt.  iodine.  Iodine  ibiorptiiw. 

Gram.             ec.                Gram.  Perccot. 

0.3199              I^-'  0.350264  113.80 

0.3894              36.1  0.336315  III.JJ 

0-2559            »3-4  0.391353  ir3.S5 

0.3453            32-a  0.376471  IIi.70 

Average  Hubl  figure ii3-*7 

parison  with  Results  of  Other  Observers  : 

.  figure.  Observer.  Kefereoce. 

Kokitianslci  PA.  Russ.  (1S94),  713-713. 

-ia3  De  Negri  and  Fabris      Ztsckr,  anal.  Chem..,  33,  547-71. 

1  De  Negri  Chem.  Zlg.,  32, 961-976. 

Smetham  Attafyst,  iS,  191-193. 

Hart  ChetH.  Zlg.,  17,  isaa- 

Hazura  Zfschr.  angew.  Chem.  (i8S8),696. 

-119.9  Spuller  Ding. /o/j",/.,  164,616. 

-133,7  Lane  /.  Chem.  Sac.  (1893),  A,  153. 

Hehner  /.  Soc.  Chem.  Ind.,  16,  87. 

Wallenstein  Chem.  Ztg.  (1894),  18,  (ii),  119. 

-133.1  Hopkins  This  Journal,  Dec.,  189S. 

5  Dulifire  /.  Pharm.  (1897),  317, 

Mills  /,  Soc.  Chem.  Ind.,  11,  504- 

C.     Saponification  Value  {^Koettstorfer  Figure) . 
method  here  employed  was  that  given  in  Allen's  "Com- 
,1  Organic  Analysis,"   II   (I),  56-57.      The  alcohol  em- 
was  prepared  as  described  under  "  Iodine  Values,"  and 
Ic  run  side  by  side  with  the  test  lor  each  determination. 
ills  Obtained  ; 

Oil  No.  I. 

Wi.  oil.    Vol.  N  /HCl.    Koettslorler       Sapoti.  Elliei 

3,0137  6-95  '93-7[  389,61  190.01 

a.5187  8-6o  "9I55  a9*-S8  187.85 

2.4600  8.45  193,70  *9>-»3  189.00 

.verage   191.65  191.31  1SS.95 

Oil  No.  II. 

3-8356  i3-»  193-07  *9o.57  I90-8» 

5-2317  18.05  193-55  *89.85  191.30 

2.5611  8,75  I9I-3'  293.34  189.06 

verage    193,64  391.31  i9o-39 

Oil  No.  Ill, 
[.9700  6.75  190,29  194.81  169.64 

3.Z306  7.65  193.26  390.38  171.61 

verage  191-78  292.55  171-13 
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Comparison  ivith  Results  of  Other  Observers  : 

Koctlstorfer         Sapon. 

fig.  equiv.  Observer.  Reference. 

182.81  306.9  De  Negri  Chem,  Ztg.,  22, 961-976. 

188.1-189.3  298.3-296.6  Spiiller  Ding. /c?/^./.,  264,  626. 

188-193  298.4-290.7  De  Negri  and  Fabris    Zischr,  anal,  Chetn.^  33, 547. 

189.5  296  Hart  Chem.  Ztg.,  17,  1522. 

193.4  290.07  Mills  /.  Soc.  Chem,  Ind,y  ix,  504. 

198.5  282.6  Smetham  Anal.^  z8,  191-193. 
198.8-203  282.2-276.4  Duli^re  /.  Pharm.  (1897),  217. 

D,     Insoluble  Fatty  Acids  {Hehner  Figure), 

From  2  to  4  grams  of  oil  were  dissolved  in  ether  in  a  beaker. 
Fifty  cc.  of  alcoholic  potash  (made  by  dissolving  about  20  grams 
potassium  hydroxide  in  500  cc.  purified  and  redistilled  95  per 
cent,  alcohol)  were  added  to  the  ethereal  solution  and  the  whole 
heated  on  a  water-bath  until  saponification  was  effected.  The 
liquid  was  then  diluted  with  hot  distilled  water  and  heated  until 
the  ether  and  alcohol  were  entirely  expelled.  The  aqueous  soap 
solution  thus  formed  was  broken  up  with  dilute  hydrochloric 
acid  and  heating  continued  until  the  insoluble  fatty  acids  formed 
a  clear  oily  layer. 

The  fatty  acids  were  then  washed  with  boiling  distilled  water 
until  the  filtrate  was  neutral  to  methyl  orange.  An  unusual 
amount  of  washing  was  found  necessary  with  this  oil,  owing  to 
the  large  proportion  of  an  acid  difficultly  soluble  in  hot  water. 
About  1500  cc.  of  wash-water  were  used  and,  as  will  be  seen  by 
the  results,  the  amount  of  insoluble  acids  found  to  be  unusually 
low. 

Results  Obtained: 

Oil  No.  I. 

Wt.  oil  taken.       Wt.  insol.  fatty  acids.  Hehner 

Grams.  Grams.  value. 

1 4.6700  4.3256  92.63 

2 2.6092  2.4121  92.45 

3 2.3161  2.1609  93.29 

Average  Hehner  value 92.79 

Oil,  No.  II. 

1 3.5853  32678  91.14 

2 3.2331  3-OM2  9323 

3 2.6079  2.4079  92.33 

Average  Hehner  value 92.23 
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Oil,  No.  III. 

Wt.  oil  taken.         Wt.  insol.  fatty  acids.  Hehner 

Grams.  Grams.  value. 

1 3.9832  3-5>02  88.12 

2 2.8297  2.4995  8S.30 

Average  Hehner  value 88.21 

Comparison  with  Results  of  Other  Observers : 

Hehner  value.  Observer.  Reference. 

93.40  Hoppe-Seyler  .  Bull.  Sac.  Chim.  (1866),  [2],  6,342. 

93.57  Hopkins  This  Journal,  Dec,  1898. 

94.70  Spiiller  Ding. /i?/)'./.,  264, 626. 

95.70  Hart  Chetn.  Ztg.,  17,  1522. 

96.70  Lloyd  Chetn,  Centrbl.,  59,  1193. 

E,      Volatile  Acids  {Retchert  Figure). 

Precisely  2.5  grams  oil  were  saponified  as  in  the  Koettstorfer 
process,  evaporating  off  the  alcohol  completely.  Fifty  cc.  dis- 
tilled water,  containing  i  cc.  phenolphthalein  indicator,  were 
then  added  to  the  dried  soap  and  the  whole  heated  on  the  water- 
bath  until  the  soap  was  completely  dissolved.  While  still  warm 
the  aqueous  soap  solution  was  titrated  with  N/2  sulphuric  acid, 
overrunning  2  cc.  The  total  volume  of  liquid  was  now  60-65  cc. 
The  decomposed  soap  solution  was  then  slowly  distilled  into  a 
similar  flask,  containing  50  cc  of  N/io  potassium  hydroxide  and 
I  cc.  phenolphthalein  indicator.  A  large  percentagie  of  a  solid 
fatty  acid  also  distilled  over  in  white  flakes,  but  was  held  back 
by  a  small  wetted  filter,  placed  in  the  neck  of  the  receiving 
flask. 

When  about  50  cc  of  the  liquid  in  the  distilling  flask  had  gone 
over,  50  cc.  of  distilled  water  were  added  to  the  residue  and  the 
distillation  repeated.  The  contents  of  the  receiver  were  then 
titrated  back  with  N/io  hydrochloric  acid  and  the  **  Reichert 
figure  "  calculated  from  the  amount  of  volatile  acids  thus  re- 
covered from  the  two  distillations. 

Results  Obtained : 

Oil  No.  I. 

wt.  KOH  for  100  g.  oil 
Vol.  N/io  HCl.       Reichert  figure.  Gram. 

1    45.8  4.2  0.94248 

2   45-6  4.4  0.98736 

Average 4.3  0.96492 

Oil  No.  II. 

I  46.0  4.0  0.89760 

2 45-6  4-4  0.98736 

Average 4.2  0.94248 
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Oil  No.  III. 

Wt.  KOH  for  100  g.  oil. 
Vol.  N/ioHCl.       Reichert  fifiTiire.  Grams. 

1  39.9  lo.i  2.26644 

2   40.3  9.7  2.17668 

Average 9.9  2.22156 

Comparison  with  Results  of  Other ,  Observers  : 

Reicbert  value.  Observer.  Reference. 

0.33  Spiiller  Ding. /^/y. /.,  264,  626. 

2.5*  Smith  y.  Sac,  Chetn.  Ind.^  11,  504. 

6.  f  Morse  N,  H.  Expt,  Sta.  BulL  ( 1 892 ) ,  1 6, 19. 

0.0  Hopkins  This  Journal,  Dec,  1898. 

F,     Acetyl  Value. 

The  method  used  was  that  given  in  Allen's  **  Commercial  Or- 
g^anic  Analysis,"  II  (I),  64-65,  the  **  Filtration  Process*'  being 
the  one  employed. 

Results  Obtained: 

Oil  No.  I. 

Wtoil.  xryHni         Koettstorfer     n/^*koh  Acetyl 

Grams.  ^Z^^^'  fig.  ^^^l?^^"^"  value. 

I 2.3420  8.8  210.8  4.5  10.78 

2 2.0092  7.6  212.2  4.1  11.45 

Average 211. 5  ••  11. 12 

Oil  No.  II. 

I 1.8641  7.1  213.7  3-7  II. 14 

2 1.4686  5.5  210.1  3.1  11.84 

Average   211.9  ••  11.49 

Comparison  with  Results  of  Other  Observers  : 

Koetts-  Acetyl  value 
torfcr  fig.    (filtr.).  Observer.  Reference. 

201.5        8.25        Lewkowitsch    Allen's  "  Com.  Org.  Anal.,*' Vol.  11,^68. 
200.9        7-90        Lewkowitsch   Allen's  "Com.  Org.  Anal.,"  Vol.  II,  68. 

C     Glycerol, 

Hehner's  dichromate  method,  as  given  in  Allen's  **  Commer- 
cial Organic  Analysis,"  II  (I),  316-317,  was  employed  for  this 
determination. 

Results  Obtained: 

Oil  No.  I. 

wt.  oil.  Vol.  K,CrtO,.         Wt.  glycerol.  Glycerol. 

Grams.  cc.  Grams.  Per  cent. 

1 2.6092  27.57  o.  276395  10.59 

2 2.3361  24.46  0.245217  10.50 

Average 10.545 

t  Calculated.  .  100  parts  oil  require  0.56  part  KOH. 

s  Calculated.    Reported  as  3.3  per  cent,  volatile  acids. 
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Oil.  No.  II. 
WL  ml.  Vol.  E,Cr,0,.         Wt.  clycerol.  Glycttol. 

Cianu.  cc.  cTnnu.  Per  ecu. 

I ».570i  a6.37  0-264359  >0-»9 

a 3.0435  ai.21  0.313635  '0^ 

Average 10.35 

H.     Pkytosterol. 
'he  process  of  Foster  and  Reicbelmann,  as  given  in  the  AndjA 
97),  13I1  was  employed  in  this  determination.     The  andf 
tosterol,  resulting  from  the  evaporation  of  the  ethereal  ez- 
;t,  was  estimated  as  unsaponifiable  matter. 
'esaifs  Obtained: 

wt.  oil.  wt  etbcr  re^doe.        TJiuap.  mUtR. 

Gnm*.  Gtan.  Pei-cem. 

Oil  No.  1 55-3945  0-7*9'  i-39 

Oil  No.  II 49-1  "3  0.703*  1.43 

Average r.41 

'ompariso^  with  Results  of  Other  Observers  : 

Pet  cent.  Observer.  Reference. 

1,35  SpuUer  Ding.  poly.  J.,  364, 636. 

1,55  Hart  Chem.  Ztg.,  17, 1512. 

3.86  Hopkins  This  Journal,  Dec.,  1898. 

TERMINATION  OF    CHEMICAL   CONSTANTS — MISCBLL-ANEOUS. 

A.     Color  Reactions  with  Sulphuric  Acid. 

Heidenreich' s  Test. — Two  drops  concentrated  sulphuric  acid 

e  allowed  to  fall  into  the  center  of  20  drops  of  oil  on  a  watch- 

>s.     The  oil  and  acid  were  then  stirred  together  with  a  gloss 

efore  stirring,  all  three  oils  gave  a  rayed  ring  of  mahogaoy- 
on  golden  brown  background. 

.fter  stirring,  oils  I  and  II  gave  a  dark  red-brown,  while  oil 
gave  a  dull  claret,  all  of  honey-like  consistency. 
f.   Carbon  Disulphide  Test. — One  drop  concentrated  sulphuric 
I  was  added  to  a  solution  of  a  few  drops  of  oil  in  carbon  di- 
■hide ;  the  mixture  was  well  shaken  and  allowed  to  stand. 
.11  three  oils  gave  a  fine  violet  after  twenty-four  hours. 
B.     Color  Reactions  with  Nitric  Acid. 
Hauchecome's  Test. — From  3  to  5  parts  oil  by  volume  were 
£en  with  I  part  nitric  acid  (sp.  gr.  1.32).  The  mixture  was  then 
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heated  on  the  water-bath  for  five  minutes  and  allowed  to  stand. 

Oils  I  and  II  gave  an  orange-yellow  oily  layer  of  consistency 
of  thick  honey. 

Oil  III  gave  a  mahogany-red  layer  of  much  less  viscosity. 

//.  Massie's  Test, — Three  parts  oil  by  volume  were  shaken 
with  I  part  nitric  acid  (sp.  gr.  1.42)  for  two  minutes  and  allowed 
to  stand. 

Oils  I  and  II  gave  a  bright  mahogany-red  oily  layer  of  great 
viscosity. 

Oil  III  gave  a  dark,  reddish  brown  layer  of  less  viscosity. 

Comparison  with  Results  of  Other  Observers  : 

HN03.  H,S04.  Observer.  Reference. 

Yellow-orange  Duli^re  /.  Pharm.  ( 1897),  217. 

Dark  red        Hart  Chem,  Ztg.,  17,  1^22. 

Reddish  (Massie)  Black-brown  Shuttleworth  Pharm.  J.  ^  16,  1095. 

Reddish  yellow  Green  Brannt  *  *  An .  and  Veg.  Fats  and  Oils. ' ' 

C.     Silver  Nitrate  Reduction  Tests. 

I,  Becchi*s  Test — Process  of  Pearmain  and  Moor, — Ten  cc.  of  oil 
were  shaken  with  2  cc.  of  a  reagent  prepared  by  dissolving  i 
gram  silver  nitrate  in  100  cc.  95  per  cent,  alcohol,  then  adding 
20  cc.  ether  and  i  drop  of  nitric  acid.  The  mixture  was  then 
placed  in  boiling  water  for  ten  minutes. 

All  three  oils  gave  a  dark  brown  coloration. 

//.  BrulWs  Test, — Twelve  cc.  of  oil  were  shaken  with  5  cc.  of 
a  solution  prepared  by  dissolving  2.5  grams  silver  nitrate  in  100 
cc.  of  95  per  cent,  alcohol.  The  mixture  was  then  heated  in 
boiling  water  twenty  minutes. 

All  three  oils  were  colored  intensely  black. 

Comparison  with  Results  of  Other  Observers  : 

Becchi.  Brull€.       Observer.  Reference. 

Slightly  darkened         Hart  Ghent.  Ztg.,  17,  1522. 

Faint  brown  Black        De  Negri     Chem,  Ztg.^  22,  961-976. 

D.     Elaidin  Reaction  (PouteVs  Method).  * 

One  cc.  of  mercury  was  dissolved  in  12  cc.  of  cold  nitric  acid 
(sp.  gr.  1.42);  2CC.  of  the  freshly  prepared  green  solution  were 
added  to  50  cc.  of  oil  contained  in  a  wide-mouthed,  stoppered  bot- 
tle, the  contents  of  the  bottle  violently  shaken  and  the  agitation 
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repeated  every  ten  minutes  for  two  hours.  The  oil  was  thea 
allowed  to  stand  undisturbed  in  a  warm  room. 

Results  Obtained, — All  three  oils. 

After  two  hours,  orange-yellow  deposit,  pasty  in  consistency 
and  small  in  amount.     Orange-red,  viscous  liquid  above. 

After  two  weeks,  little  change  except  in  gradual  darkening 
of  color  and  decrease  in  viscosity  of  supernatant  liquid. 

Comparison  with  Results  of  Other  Observers : 

Result  of  test.  Observer.  Reference. 

Pasty  or  buttery  mass  Smith  /.  Soc,  Chem.  Ind.^  11,504. 

Orange-yellow  color ;  partial 

solidification.  Shuttleworth       Pharm.J.^  x6,  1095. 

Orange-yellow;  no  solidifica- 
tion. Duli^re  /.  Pharm,  (1897),  217. 

Much  olein ;  between  olive  and 

cotton-seed  oils.  Lloyd  Chem.  Centrbl.,  59,  1193. 

E,     Rise  in  Temperature  with  Sulphuric  Acid, 

In  making  this  determination,  Archbutt's  method  for  the 
Maumen6,  test,  as  given  in  Allen's  * 'Commercial  Organic  Anal- 
ysis,'* II  (I),  76-77,  was  employed.  The  sulphuric  acid  used 
was  of  1.842  sp.  gr. 

Results  Obtained: 

Initial  temp.  Av.  rise  in  temp.  Specific  temp. 

Distilled  water 23®  C.  42°  C.  100 

Oil  No.  1 23®  C.  75*»  C.  178.6 

Oil  No.  II , 23°  C.  74**  C.  176.2 

Comparison  with  Results  of  Other  Observers  : 

Maumen^  figure.  Observer.  Reference. 

56®  C.  Spiiller  Ding,  poly,  J.,  264, 626. 

60.5®  C.  Hart  Chem.  Ztg.,  17,  1522. 

79°  C.  Jean*  /.  Soc.  Chem,  Ind.,  li,  504. 

84°  C.-89°  C.  De  Negri  and  Fabris«  Ztschr.  anal.  Chem.,  33,  54^7^• 

89°  C.  Mills*  J.  Soc.  Chem,  Ind„  11, 504-5. 

F,     Heat  of  Bromination . 

The  process  of  Hehner  and  Mitchell,  as  given  in  Allen's 
**  Commercial  Organic  Analysis,*'  II  (I),  80,  was  followed  in 
making  this  determination.  Six  readings  were  taken  for  each 
sample.  The  calculated  iodine  value  was  found  by  multiplying 
the  bromine  thermal  value  by  5.5. 

1-  Obtained  by  use  of  Jean's  thermelaeometer. 
a  15  grams  oil  -f  5  cc.  H9SO4. 
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Results  Obtained: 

Br.  Therm.  Val.  Hiibl  No.  Calc.  I.  No. 

Oil  No.  I 21.9°  C.  119-74  IJ0.45 

Oil  No.  II 21.8®  C.  118.62  119.90 

Comparison  with  Results  of  Other  Observers : 

Br.  Tbemi.  Val.      Calc.  I.  No.  Observer.  Reference. 

21.5  118.25  Hehner        /.  Soc.  Chem.  Ind,,  16,  87. 

G.     Solubility  in  Glacial  Acetic  Acid  (  Valenta's  Test), 

In  this  determination  the  method  of  Allen's  **  Commercial 
Organic  Analysis,"  II  (I),  40,  was  followed.  Three  cc.  of  oil 
and  of  acid  were  employed. 

Results  Obtained  : 

Oil  No.      I. — 74®  C,  average  of  six  tests. 
Oil  No.    II. — 80®  C,  average  of  five  tests. 
Oil  No.  III. — 44®  C,  average  of  five  tests. 

Comparison  with  Results  of  Other  Observers  : 

.  Turbidity  temp.  Observer.  Reference. 

65**  C.  De  Negri*  Chem,  Ztg.,%%^^'b\-^']^, 

H,     Oxygen  Absorption  {Livache  Test), 

Finely  divided  lead  powder  was  obtained  by  precipitating  me- 
tallic lead  from  lead  acetate  by  means  of  zinc,  washing  the  pre- 
cipitate rapidly  with  water,  alcohol,  and  ether,  in  the  order 
named,  and  drying  it  in  a  desiccator. 

Approximately  i  gram  of  lead  powder,  prepared  as  above,  was 
spread  in  a  thin  layer  on  a  large  watch-glass  and  a  few  drops  of 
oil  added  by  means  of  a  pipette,  care  being  taken  to  keep  the 
drops  of  oil  separate.  The  amount  of  oil  taken  was  accurately 
determined  and  was  not  allowed  to  exceed  0.6  gram.  The 
watch-glass  was  then  exposed  to  light  but  protected  from  dust 
and  allowed  to  remain,  at  the  ordinary  temperature,  until  it 
ceased  to  gain  in  weight.  All  samples  tested  were  examined  at 
the  same  time  and  under  the  same  conditions. 

1  Obtained  by  the  use  of  Jean's  thermelaeometer. 
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Results  Obtained 


Wt.  oil. 
Gram. 

05193 


0.3313 


Ollr  No.  I. 


Total  gain. 
Gram. 

0.0310 


Time  required. 
Days. 


Oil  No.  II. 
0.0172 


10 


Gain. 
Per  cent 

5.97 


5*9 


SUMMARY. 

Tabi,b  of  Physical  Constants. 


Specific  gravity. . . . 
Specific  gravity. . . . 
Viscosity  (water)  .. 
Viscosity  (rape)  .. 
Index  of  refraction 
Index  of  refraction 
Melting-point 


15.5°  c. 

ioo<»  C. 
20°  C. 

20«C. 

15^  C. 
ao°C. 


Oil 
No.  II. 

0.9213 

0.871 I 

10.57 

73.89 

1.4766 


Oil 
No.  I. 

0.9213 

08716 

9-79 
70.42 

1.4767 
1. 476 1 


Oil 
No.  III. 

0.9255 
0.8756 


1.4765 


Table  of  Chemical  Constants — Quanhtative. 


Oil  No.  II. 


Per  cent,  ash 

Acid  value 2.25 

Per  cent,  free  acid 1. 128 

Degrees  acidity 4.00 

Per  cent,  iodine  absorption..  118.62 

Koettstorfer  figure 192.64 

Saponification  equivalent...-  291.22 

Ether  value 190.39 

Hehner  value 92.23 

Reichert  figure 4.2 

Wt.  KOH  per  100  grams  oil . .      0.94248  g     0.96492  g 

Koettstorfer  of  acetic  oil 21 1 .9  21 1 .5 

Acetyl  value 11.49  11. 12 

Per  cent,  glycerol 10.35  10.545 

Per  cent. unsaponifiable  matter     i  .43  i  .39 


Oil  No. 

0.065 

3-70 
1.851 

6.59 
119.74 
192.65 
291.21 
188.95 
92.79 

4.3 


Oil  No.  III. 

0.0655 
20.65 
10.386 

36.83 
113.27 
191.78 

292.55 
171-13 

88.21 

9-9 
2.22156 g 


tnsol 
fat  acids. 


0.8529 


22.4°  C 


Ins<d. 
fat  acids. 


120.98 

»99.I5 
281.73 


\ 
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APPARATUS  FOR  THE  DETERHINATION  OF  AfinONIA  IN 
WATER,  BY  THE  WANKLYN  METHOD,  AND  TOTAL 
NITROGEN  BY  THE  KJELDAHL  HETHOD. 

By  Robert  Spurr  Weston. 
Received  June  la,  igoo. 

THE  introduction  of  the  ammonia  method  by  Wanklyn'  in 
1867  has  been  followed  by  many  modifications  of  the 
original  apparatus.  Like  modifications  have  followed  the  intro- 
duction of  the^  method  introduced  by  Kjeldahl'  in  1883. 

Wanklyn  originally  used  a  tubulated  retort  and  a  Liebig con- 
denser. The  copper  condenser  contained  a  glass  tube  90  cm. 
long  and  3  cm.  in  diameter,  thus  allowing  the  beak  of  the  retort 
to  enter  the  condenser  tube.  The  joint  was  made  by  wrapping 
a  little  writing  paper  around  the  beak  of  the  retort  where  it 
entered  the  condenser  tube.  Such  an  apparatus  is  friable  and 
unhandy. 

This  single  still  has  been  improved  upon  by  various  analysts, 
until  there  are  several  forms  in  use  which  satisfy  most  require- 
ments. 

An  excellent  form  is  described  by  Cairns'  and  consists  of  a  2 
liter,  glass  stoppered  flask  \?ith  a  side-neck  tube.  The  tube  is 
bent  so  as  to  point  vertically  downward  at  a  convenient  distance 
from  the  flask.  A  copper  condenser  carrying  a  block-tin  zigzag 
is  attached  to  the  neck  of  the  flask  by  a  rubber  tube,  and  the 
lower  end  of  the  condenser  is  arched  upward  to  prevent  the  con- 
densed atmospheric  moisture  from  contaminating  the  distillate. 
Leffmann*  makes  use  of  a  tubulated  retort  with  a  bent  neck,  con- 
nected  with  a  spiral  glass  worm. 

Perhaps  the  most  durable  and,  all  things  considered,  most  con- 
venient form  of  single  still  is  the  one  designed  by  Dr.  A.  H.  Gill 
and  used  for  several  years  by  Mrs.  E.  H.  Richards  in  the  labora- 
tory of  the  Massachusetts  Board  of  Health. 

This  still  consists  of  a  flask  holding  about  1300  cc,  which  is 
closed  by  a  cork  carrying  a  f^  inch  glass  tube.  This  glass 
tube  is  bent  so  as  to  enter  a  \  inch  straight  block-tin  condenser 

1  Wanklyn :  "  Water  Analysis,"  1868. 

s  Ztschr.  anal.  Chem.,^z*  557- 

•  "Quantitative  Analysis."  New  York.  1896,  p.  271. 

<  I<effniann :  "Examination  of  Water,"  Philadelphia,  1S95. 
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tube.  The  joint  between  the  glass  and  tin  tubes  is  made  with  a 
cork  which  is  bored  half  way  on  one  side  to  receive  (he  glass,  and 
half  way  on  the  other  side  to  receive  the  tin  tube.  A  rubber 
collar  is  slipped  on  to  the  lower  end  of  the  condenser  tube  to  pre- 
vent the  contamination  of  the  distillate.  The  condenser  is  per- 
pendicular and  the  neck  of  the  flask  makes  an  angle  of  45''  with 
it. 

This  apparatus  has  many  advantages.  It  is  easily  boiled  clean. 
Breakage  of  parts  is  not  frequent,  and  the  broken  parts  them- 
selves can  be  replaced  at  a  small  cost.  The  inclined  flask  is  also 
a  decided  advantage  when  the  contents  have  a  tendency  to 
bump. 

When  many  stills  are  used  at  once,  however,  these  single  stills 
are  not  so  convenient.  They  take  up  much  bench  room  unneces- 
sarily, and  when  the  condenser  tubes  are  run  through  a  common 
cooling  tank,  the  distilling  and  receiving  vessels  are  on  opposite 
sides  and  are  therefore  somewhat  inconveniently  placed.  Per- 
haps the  best  arrangement  in  using  a  common  condenser  is  that 
described  by  Mason.* 

For  the  determination  of  nitrogen  according  to  the  Kjeldahl 
method,  many  forms  of  still  have  been  introduced.  It  has  been 
desirable  from  the  beginning,  however,  to  arrange  groups  of 
stills.     Two  forms  are  in  general  use. 

At  the  Halle  Agricultural  Experiment  Station  an  apparatus* 
is  used  which  makes  use  of  an  air  condenser,  but  the  general 
arrangement  of  parts  is  similar  to  that  used  by  Mason  for  water 
analysis,  though  Erlenmeyer  flasks  are  used  for  distilling-  and 
receiving-  vessels . 

The  most  important  improvements  in  the  construction  of  sets 
of  stills  were  made  by  the  chemists  of  the  United  States  Depart- 
ment of  Agriculture,  and  are  described  by  Professor  S.  W.  John- 
son in  Bulletin  No.  10  of  the  Division  of  Chemistry. 

This  apparatus,*  of  course,  is  well  known  and  possesses  the 
advantage  that  it  can  be  operated  from  one  side  of  the  condenser 
tank.  The  distilling  flasks  are  raised  above  the  bench,  so  that 
it  is  possible  to  reach  under  them  for  the  purpose  of  attending  to 
the  receiving  flasks.     The  distilling  flasks  are  supported  upon 

1  'Water  Analysis,"  New  York,  1S99. 

»  Wiley  :  "Agricultural  Analysis,"  Vol.  II,  203. 

*/•  Anal.  Chem.,  4,  179 ;  also  Wiley  :  loc.  cit.,  208. 
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a  iron  sbelf.  They  are  joined  to  the  helical  block-tin  condenser 
ibes  by  a  safety  bulb  and  rubber  connectors.  This  apparatus 
as  adapted  to  water  analyeis  by  Hazen  and  Clark.' 

This  apparatus  was  further  improved  by  the  chemists  of  the 
[assachusetts  Board  of  Health  by  bringing  the  condensing  tubes 
lit  above  the  open  top  of  the  condenser  tank,  and  by  connect- 
ig  them  directly  with  the  stoppers  of  the  distilling  flasks,  thus 
iroiding  a  rubber  connection  between  the  distilling  flask  and  the 
indenser  tube.  This  apparatus  was  used  by  the  writer  for 
:veral  years,  and  was  found  to  be  quite  convenient ;  neverthe- 
ss,  some  improvements  suggested  themselves  during  that  time, 
Qd  in  designing  a  group  of  ten  stills  the  form  described  below 
'as  developed. 

The  distilling  flasks  of  the  Johnson  apparatus  are  supported 
n  an  iron  distilling  shelf,  and  the  burners  are  supported  on 
nother  shelf  placed  beneath.  The  metal  shelves  are  hard  to 
:eep  clean  and  are,  of  course,  non-adjustable.  The  distilling 
asks,  moreover,  are  placed  vertically,  and  the  contents  are  more 
iable  to  be  projected  into  the  condenser  on  that  account  than  if 
hey  are  inclined.  The  condenser  is  unnecessarily  large,  and  the 
eceiving  tubes  are  placed  so  far  under  the  apparatus  as  to  be 
□convenient  to  tend. 

The  apparatus  described  below  was  designed  to  overcome  the 
aults  of  the  older  apparatus.  The  drawing  on  page  470  shows 
be  construction  quite  plainly.  Any  desired  number  of  stitis  can 
K  provided  for. 

CONDENSER  TANK. 

The  condenser  tank  is  built  of  copper  or  galvanized  iron.  The 
galvanized  iron  should  be  japanned.  It  is  inclined  so  as  to  bring 
:he  lower  ends  well  forward,  and  is  7.2  inches  in  length  for 
fach  unit.  The  tank  is  3.5  inches  thick,  and  is  rhomboidal  in 
section,  with  sides  35  inches  and  4.25  inches  long  respectively. 
rhe  condenser  tubes  are  of  block  tin  f  inches  in  diameter  and 
ibout  36  inches  long.  They  are  straight,  not  helical.  They  are 
soldered  into  the  bottom  of  the  condenser  tank,  projecting  2 
inches  below  the  bottom  of  the  same.  They  are  not  supported 
1  Report  of  Uaieachusetia  Board  o(  HealUi  on  "PuHGcatioa  ot  Walct  and  Sewage," 
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except  at  the  bottom  of  the  tank,  and  are  sufficiently  pliant  to 
allow  connection  wifh  the  flasks  to  be  made  with  ease. 

A  swinging  gutter  is  attached  to  the  bottom  of  the  condenser. 
This  gutter  can  be  swung  under  the  condenser  tubes  when  "boil- 
ing out"  the  apparatus.  A  small  upturned  gutter  is  fashioned 
around  the  bottom  of  the  tank  to  catch  any  possible  condensa- 
tion. The  inclined  tank  brings  the  tubes  well  within  reach. 
The  tank  is  supported  by  legs  to  the  bench  and  by  lugs  to  the 
wall. 

DISTILLING  STAND. 

The  whole  system  of  flasks  and  burners  is  supported  by  means 
of  a  cross  bar  resting  on  two  or  more  posts.     The  f  inch  square, 
iron  cross  bar  is  drilled  with  holes  77  inches  apart,  and  f  inch 
rods,  10  inches  long,  are  driven  into  the  holes.     These  rods  pro- 
ject 6  inches  above  and  4  inches  below  the  cross  bar.     Double 
clamps  hold  the  rods  for  the  burners  and  the  5  inch  retort  staod 
rings.       The  base  of  a  Bunsen  burner  (£  and  A  side  lighting) 
is  unscrewed  and  the  burner  itself  is  fitted  with  a  -|  inch  rod. 
The  above  arrangement  permits  the  flask  and  the  burner  to  be 
moved  (within  limits)  in  any  direction  and  at  will.     The  Aasks 
are  supported  by  rings  of  asbestos  (|  inch  thick,  6:|^  inches  outside 
diameter,  and  4^  inches  inside  diameter);  these  asbestos  rings  in 
turn  are  supported  by  the  iron  rings,  being  secured  to  the  latter 
by  wires.     This  furnishes  a  very  neat  and  springy  support  for 
the  flasks,  and  one  which,  to  a  great  extent,  relieves  the  jar  due 
to  bumping  and  the  consequent  breaking  of  flasks.     A  water 
supply  is  provided  for  the  condenser,  entering  near  its  bottom  at 
one  end  and  wasting  near  its  top  at  the  opposite  end.     All  parts 
of  the  apparatus  are  accessible,  and  the  flasks  can  be  connected 
and  disconnected  with  one  hand,  the  spring  of  the  condenser 
tubes  helping  to  hold  the  stoppers  in  place. 

The  gas  pipe  is  supported  on  the  backs  of  the  wooden  posts 
and  f  inch  hose  cocks  are  placed  to  the  right  of  each  still  sup- 
port ;  these  cocks  are  connected  with  the  burners  by  lead  or 
rubber  tubes.  Either  antimony  rubber  or  selected  cork  stoppers 
can  be  used,  the  latter,  perhaps,  to  be  preferred.  The  ends  of 
the  condenser  tube  pass  directly  through  the  stoppers.  If  de- 
sirable, copper  flasks  can  be  used.  The  writer  prefers  to  use 
the  standard  i -liter,  Jena  glass  round-bottomed  flask. 
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For  the  determination  of  nitrogen  by  the  Kjeldahl  method  it 
is  best  to  connect  the  ends  of  the  condenser  tubes  with  glass 
Lubes,  the  latter  to  dip  into  standard  acid  contained  in  the  re- 
viving vessels.  Safety  bulbs  may  also  be  placed  at  the  tops  of 
:he  distilling  flasks  connecting  the  same  with  the  condenser 
:ubes. 

The  first  set  of  stills  of  this  design  was  built  for  the  laboratory 
)f  the  Cincinnati  Water  Commission  in  1898.  It  consisted  of 
lo  units.  Since  that  time  three  other  sets  have  been  built,  all  of 
nrhich  give  satisfaction. 

To  determine  the  free  and  albuminoid  ammonia  in  sands  and 
in  sewage,  it  has  been  found  most  convenient  to  place  them  in  a 
150  cc.  Kjeldahl  Sask,  and  to  pass  through  them,  by  means  of 
1  glass  tube  which  should  extend  nearly  to  the  bottom  of  the 
lask,  steam  from  ammonia-free  water.  This  ammonia-free 
iteam  is  best  generated  in  a  closed  copper  vessel  placed  at  one 
jide  of  the  condenser  tank  and  heated  by  a  large  burner.  The 
steam  is  conducted  along  the  top  of  the  condenser  in  a  f  inch 
tnetal  pipe.  At  suitable  intervals  ^  inch  tees  with  metal  cocks 
IK  placed,  from  which  steam  can  be  taken  for  sand  and  sewage 
work. 

If  desirable,  the  burners  can  be  easily  removed  and  smaller 
rings  can  be  used  to  support  the  Kjeldahl  flasks. 

Reagents  are  added  to  the  flasks  by  means  of  a  long-stemmed 
funnel.  

A  PROCESS  FOR  THE  DETERniNATION  OF  CARBON 
DIOXIDE  IN  CARBONATES. 


THIS  process  is  based  on  the  principle  of  Pettenkofer's  pro- 
cess; namely,  absorption  of  the  carbon  dioxide  by  a 
measured  amount  of  standard  baryta  water  (solution  of  barium 
hydroxide),  and  titration  of  the  excess  of  the  latter  with  a  stan- 
dard acid.  The  apparatus  about  to  be  described  is  simple  in  con- 
struction and  may  be  assembled  from  materials  available  in  almost 
eyery  laboratory,  and  the  process,  ifcarried  out  with  a  reasonable 
amount  of  care,  should  yield  fairly  accurate  results  with  anyone. 
It  does  not  require  the  time  and  experience  necessary  in  order  to 
obtain  good  results  by  the  ordinary  gravimetric  method. 
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Tbe  apparatus  consists  of  a  round-bottomed  evolutioti  flask  E 
of  about  300  cc.  capacity,  fitted  with  a  rubber  stopper  and  hn 
tubes  P  and  P,  and  as  a  receiving  0ask  a  t  quart  Bunsen  filta- 
ing  flask  R  fitted  with  two  tubes  A  and  B. 

P  is  a  20  cc,  pipette  cut  ofi  so  as  to  leave  aboat  3  inches  tu 
each  side  of  the  bulb.  The  lower  end  is  ground  to  a  point  on  u 
ordinary  grindstone,  and  at  about  i  inch  above  the  point  there  >• 


a  small  hole,  H,  blown  into  the  side  of  the  tube  which  enables 
the  condensed  drops  of  liquid  to  fall  freely  from  the  end. 

F  is  a  tube  bent  sufficiently  to  clear  the  bulb  on  P,  projectiiig 
lower  into  the  flask  than  P,  and  fitted  on  the  upper  end  with  1 
short  piece  of  rubber  tube  G  and  a  pinch-cock  C. 

The  tube  B  of  the  receiving  flask  is  fitted  with  a  piece  of  htxrj 
pressure  tubing  K,  and  a  screw-cock  S.  Tube  A  is  fitted  with* 
short  piece  of  soft  tubing  and  a  pinch-cock  D. 

The  empty  receiving  flask  R  is  first  placed  on  a  steam-bath  in 
a  place  free  from  draughts  and  steam  generated  in  a  small  Sasi 
or  can  (I  use  an  ether  can)  is  passed  through  A  until  the  flask 
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is  hot,  and  steam  issues  through  B  quite  freely.  S  is  now 
closed  tightly,  then  D,  and  the  apparatus  disconnected  from  the 
source  of  steam  and  placed  where  it  may  cool.  The  evolution 
flask  is  DOW  connected  with  the  source  of  steam  at  G,  and,  after 
the  air  is  expelled  and  steam  issues  strongly  through  P,  the 
rubber  tube  K  of  the  receiving  flask  is  forced  on  P,  then  C  is 
closed  and  the  source  of  steam  disconnected ;  the  apparatus  after 
a  minute's  cooling  is  ready  to  receive  the  carbonate.  This  is 
introduced  by  placing  a  small  cut-off  funnel  in  the  end  of  G, 
washing  i  gram  of  the  finely  pulverized  carbonate  into  the  funnel, 
then  by  cautiously  opening  the  pinch-cock  C,  the  carbonate  may 
be  completely  washed  into  the  flask. 

The  screw-cock  S  is  now  opened  wide.  Twenty-five  cc.  of  lO 
per  cent,  sulphuric  acid'  are  now  allowed  to  flow  on  the  carbonate 
and  £  is  then  heated  over  a  low  fiame  to  boiling  and  boiled  until 
the  tube  G  which  has  been  collapsed  by  the  external  pressure 
swells  out  nearly  to  normal  size.  S  is  then  closed  tightly  and 
the  heat  removed.  During  the  boiling  E  is  allowed  to  hang  sup- 
ported only  by  the  heavy  tube  K  of  the  receiving  flask.  This 
tends  to  lessen  in  great  measure  the  force  of  bumping  in  E  which 
takes  place  as  soon  as  the  carbon  dioxide  is  nearly  boiled  out  of 
the  liquid.  The  boiling  must,  however,  be  continued  for  some 
time  in  order  to  completely  displace  the  carbon  dioxide  in  E  by 
aqueous  vapor ;  E  is  now  disconuected  from  R  at  K,  and  after 
three  or  four  minutes'  cooling  500  cc.  of  the  standard  baryta 
water  are  allowed  to  fiow  into  R.  This  is  accomplished  without 
contact  with  the  carbon  dioxide  of  the  air  in  the  following 
manner:  An  ordinary  graduated  half-liter  fiask  is  fitted  with  a 
rubber  stopper  having  three  boles.  Through  one  of  these  passes 
a  tube  to  the  bottom  of  the  flask  after  the  manner  of  a  wash- 
bottle  but  fitting  closely  to  the  flask  so  as  to  remove  the  con- 
tents completely.  Through  another  hole  passes  loosely  a  short 
tube  connecting  with  a  wash-bottle  containing  strong  caustic 
potash  solution  for  washing  the  air  admitted  to  the  flask. 
Through  the  remaining  bole  passes  a  short  tube  connecting  by 
means  of  a  long  rubber  tube  fitted  with  a  pinch-cock  with  a  botti? 
of  distilled  water  on  a  shelf.     The  standard  baryta  solution  is  of 

1  If  ihe  gubsunce  fotms  loKiluble  lulpbatcs  uie  taitaric  add. 
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such  a  strength  that  500  cc.  require  48  to  50  cc.  of  half-normal 
hydrochloric  acid  for  neatralization. 

The  stopper  and  tubes  are  first  removed  from  the  measoriog 
flask  which  is  filled  with  air  free  from  carbou  dioxide,  and  it  is 
theu  quickly  filled  to  the  mark  by  the  siphou  on  the  stock  baryta 
bottle.  The  stopper  is  then  replaced  and  the  siphon  of  the  measui- 
ing  flask  connected  with  K.  of  the  receiring  flask.  By  openiai 
the  screw-cock  S  the  baryta  water  flows  into  R.  S  is  closed  as 
the  last  drops  enter  the  siphon  of  the  measuring  flask,  the  tnbc 
connecting  with  the  wash-bottle  pulled  out  of  the  stopper,  aod 
3o  cc.  or  30  cc.  of  distilled  water  allowed  to  flow  into  the  flask. 
This  is  then  sucked  over  after  replacing  the  wash-bottle  connec- 
tion, and  then  20  or  30  cc.  more  distilled  water  sucked  over  in 
like  manner,  taking  care  that  not  much  air  enters  R  which  is 
now  shaken  thoroughly,  and  after  a  minute  or  two  washed  airb 
allowed  to  enter.  The  flask  is  then  shaken  occasionally  for  about 
ten  minutes,  then  air  allowed  to  enter,  disconnected  from  tht 
measuring  apparatus,  the  tubes  and  stopper  rinsed  quickly  with 
the  jet  of  distilled  water  and  then  immediately  titrated  with  hali- 
normal  hydrochloric  acid  with  phenolphthaleia  as  indicator.  Tbe 
acid  must  not  be  run  in  too  quickly  and  the  contents  of  the  flask 
must  be  thoroughly  agitated  while  the  acid  is  run  in  so  as  to 
avoid  decomposition  of  barium  carbonate  with  loss  of  carbon 
dioxide  and  consequent  lowering  of  tbe  result.  The  whole  pro- 
cess including  the  standardizing  of  the  baryta  solution,  weigh- 
ing the  carbonate,  etc.,  can  be  quite  expeditiously  carried  ont 
and  the  results  are  as  accurate  as  those  of  most  technical  pro- 
cesses. In  working  with  C.  P.  sodium  carbonate,  I  have 
obtained  the  following  figures :  41.33,  41.42,  41.51,  41.32,41.37, 
41.34,  and  41.36  per  cent.  Theory  requires  41.51  per  cent. 
Some  trials  with  barium  carbonate  gave  21.99,  22.05,  2'-98,  and 
21.91  per  cent.  Theory  requires  22.33  percent.;  the  bariuoi 
carbonate  contained  quite  a  little  chlorine.  In  this  case  tar- 
taric acid  was  used  to  decompose  the  carbonate. 

Freshly  precipitated  barium  carbonate  is  sufficiently  soluble  to 
give  a  very  faint  alkaline  reactiou  to  the  liquid,  and  this  must  be 
borne  in  mind  if  the  color  returns  faintly  after  titrating, 

BtrPFALO,  May  ij,  1900. 


[A   CoirrRIBDTION    FROU  THS  LABORATORY  OF  THB   OMECO   PORTIj^ 

Cbmbkt  Co.,  Jonbsvillh.  Mich.] 
A  nETHOO  FOR  THE  RAPID  QRAVIMETRIC  ESTIMA- 
TION OF  LIME. 

Bt  W.  H.  Hbss, 

AN  accurate  gravimetric  determination  of  lime  in  ceroe 
materials  is  very  important  as  a  check  on  the  calcimett 
The  method  whereby  lime  is  precipitated  as  the  oxalate,  igniti 
and  weighed  as  the  oxide,  is  both  tedious  and  uncertain  sio' 
prolonged  ignition  at  a  very  high  temperature  is  required 
completely  remove  all  the  carbon  dioxide. 

The  following  method  of  estimation  in  which  the  lime 
weighed  as  the  sulphate  has  been  found  to  be  rapid  and  accural 

The  lime  in  the  sample  is  precipitated  and  separated  as  t1 
oxalate  in  the  usual  way,  and  the  ignition  is  carried  to  the  poi 
of  removing  the  filter  from  the  residue  of  lime.  The  crucible 
allowed  to  cool  partially,  when  a  portion  of  chemically  pure  d: 
ammonium  nitrate,  approximately  equal  in  bulk  to  the  lime 
the  crucible,  and  about  twice  as  much  chemically  pure  fus< 
ammonium  sulphate  are  added.  A  tight  fitting  cover  is  no 
placed  on  the  platinum  crucible  and  then  gentle  heat  is  appHC' 
It  has  been  found  very  convenient  to  incline  the  crucible  at  i 
angle  of  about  30',  allowing  the  tip  of  the  crucible  cover  to  pr 
ject  outward  and  then  apply  the  flame  to  the  tip  of  the  cove 
gradually  bringing  the  Same  under  the  crucible  as  the  reactic 
grows  less  and  less  violent.  The  reaction  is  complete  wh< 
fumes  of  ammonia  salts  are  no  longer  driven  off.  Intense  ign 
tion  is  unnecessary  and  is  to  be  avoided.  The  crucible  shou 
be  weighed  with  its  cover. 

It  was  found  that  if  ammonium  sulphate  alone  was  used,  tt 
transposition  of  carbonate  to  sulphate  of  lime  was  not  alwaj 
complete  on  first  treatment.  By  the  use  of  ammonium  nitrat' 
easily  fusible  nitrate  of  lime  is  first  formed,  which  is  then  con 
pletely  transposed  to  the  sulphate.  The  ammonium  nitra 
also  helps  to  complete  the  ignition  of  the  filter  if  any  remaii 
unbumed. 
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Results  on  known  samples  of  pure  calcium  carbonate  are  as 
follows : 


Weight  of 
CaCOs  taken. 
Grams. 

0.5003 
0.4997 
0.5012 
0.8472 
1.0037 


Weight  of 
CaCOs  recovered. 
Grama. 

0.4998 

0.4993 
0.5007 

0.8465 

1.0026 


ON  A  SYSTEn  OF  INDEXING   CHEniCAL   LITERATURE; 
ADOPTED  BY  THE  CLASSIFICATION  DIVISION 
OF  THE  U.  S.  PATENT  OFFICE.' 

Bt  Et>wxN  A.  Hill. 
ReceiTed  May  it,  1900. 

IN  the  following  paper  I  will  endeavor  to  describe  the  system 
of  indexing  or  digesting  chemical  literature  and  patents,  now 
in  use  in  the  Classification  Division  of  the  United  States 
Patent  Office.  This  division  was  organized  about  a  year  ago  to 
perfect  the  existing  classification  of  United  States  patents.  Under 
our  laws,  no  valid  patent  can  be  granted  for  any  new  process, 
composition  of  matter,  or  chemical  body,  described  in  any 
printed  publication  prior  to  the  inventor's  discovery  thereof,  or 
more  than  two  years  prior  to  the  date  of  his  application  for  such 
patent ;  and,  among  other  things,  this  division  is  now  preparing 
an  index  or  digest  of  literature  and  patents  relating  to  chemical 
bodies  and  processes,  for  the  use  of  the  office  in  making  its 
examinations  of  pending  applications. 

The  system  adopted  is  in  the  nature  of  a  reference  index  rather 
than  a  classification,  and  is  one  elaborated  by  myself,  some  five 
or  more  years  since  for  another  purpose,  and  on  which  we  have 
been  at  work  since  last  summer.  I  may  add  that  our  work 
was  well  advanced  before  my  attention  was  called  to  the  fact  that 
there  are  great  similarities  between  this  system  and  that  of 
Richter. 

Generally  speaking,  in  any  comparison  of  digests  or  indexes 
that  system  may  be  considered  best  which,  in  the  simplest,  most 
certain,  and  most  direct  manner,  puts  the  inquirer  in  possession 
of  the  desired  information. 

1  Read  before  the  Washington  Section  of  the  American  Chemical  Society,  Vxj 
10,  Z900. 
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If  chemical  bodies  each  had  but  one  instead  of  many  nan 
and  if,  in  chemical  literature,  one  never  met  with  bodies  as 
unchristened,  then  undoubtedly,  the  dictionary  plan,  pure  i 
simple,  in  which  the  names  of  bodies  were  alphabetically 
ranged  and  the  references  to  literature  and  patents  were  collec 
under  their  proper  titles,  would  answer  every  requirement,  i 
would  be,  in  fact,  the  only  proper  system  to  use. 

Practically  however,  most  bodies  known  to  chemists  h 
more  than  one  name,  many  have  several,  and  the  names  appro 
in  prior  decades  are  generally  not  the  names  in  highest  rep 
to-day ;  nor  is  it  likely  that  the  names  now  in  use  will  in 
or  even  in  most  cases,  remain  those  approved  in  future  yei 

Where  a  chemical  compound  has  several  names,  were  it } 
sible  to  decide  now  (which  perhaps  might  be  done)  which 
of  them  was,  on  good  scientific  grounds,  the  most  appropr: 
in  view  of  present  knowledge,  and  further  (which,  of  cou: 
could  not  be  done),  could  one  be  assured  that  such  name  wo 
remain  the  approved  name  for  all  future  time,  such  title  coi 
without  hesitation,  be  now  adopted  as  the  indexing  title,  un 
which  all  references  to  literature  or  patents  could  be  entei 
and  all  other  titles  and  names  cross-referenced  into  it ;  t 
while  this  might  be  done  now  in  certain  cases,  who  can  guai 
tee  that  all  the  names  approved  to-day  shall  retain  that  ap] 
bation  as  our  knowledge  of  chemical  constitution  is  increas 

Bvidently  the  dictionary  plan,  unmodified,  is  not  the  best, : 
some  better  system  must  be  devised  not  open  to  these  obiecti< 

It  would  seem  that  the  kind  and  number  of  the  compot 
atoms  of  a  chemical  compound  are  its  most  unvarying  charac 
istics,  and  are  subject  only  to  the  errors  of  chemical  analy: 
and  that  therefore,  these  must  form  the  most  stable  basis 
any  general  scheme  for  the  indexing  or  digesting  of  chem 
literature  ;  and  this  conclusion  appears  to  have  been  indepe 
ently  reached  by  others  than  myself ;  as,  for  example,  by  R 
ter  in  his  recent  and  former  work,  and  by  Jacobsen  and  Stelzi 
following  Richter  in  the  index  numbers  of  BerichU  for  i8()8 
1899.  We  difier  chiefly  in  the  methods  by  which  this  princ 
receives  practical  application. 

The  simplest,  most  certain,  and  most  direct  system  wc 
be  to  recast  the  empirical  formulas  of  the  compounds,  writ 
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the  atoms  in  the  alphabetical  order  of  their  chemical  symbols, 
and  to  then  arrange  the  formulas  on  an  alphabetical  basis.  For 
example,  take  the  bodies 

(CH.)AH.(NOJ„  (CHJ.CHNO.,  KH.CA,  CH,C1, 

Cu(AsO,),. 

Rewriting  them  as  above,  and  arranging  them  alphabetically, 
we  have 

As,CuO„  CCIH,,  CC1„  C,H,KO„  C.H,NO„  C,H.N,0,. 

It  should  be  noted,  however,  that  the  compounds  containing 
C  and  H,  and  broadly  included  in  the  domain  of  organic  chem- 
istry, constitute  so  large  and  important  a  class  that  we  are  fully 
justified  in  departing  slightly  from  the  alphabetical  arrangement 
of  chemical  symbols,  in  order  to  thereby  bring  more  closely  to- 
gether in  the  index  bodies  more  or  less  closely  related. 

Generally  speaking,  an  attempt  to  combine  a  dictionary  or  di- 
gest with  a  classification  will  be  disastrous.  We  cannot  sit  on 
two  stools  at  once,  we  will  surely  fall  between  them ;  and  too 
much  classification  grafted  on  the  dictionary  or  digest  idea  will 
give  what  is  neither  a  good  digest  nor  a  good  classification. 

Classification,  as  applied  to  chemical  compounds,  should  be 
supplementary  to,  and  independent  of,  a  mere  digest  or  reference 
index. 

In  practice,  therefore,  I  have  modified  the  purely  alphabetical 
scheme,  and  have  adopted  the  following  general  rule  for 
indexing : 

Reject  the  water  of  crystallization,  and  rewrite  the  empirical  for- 
tntila  in  the  alphabetical  order  of  the  chemical  symbols^  except  thai 
in  carbon  compounds  write  C  first  and  H  second;  follow  this  re- 
written formtUa  with  the  constitutional  formtUa,  when  given,  add- 
ing the  water  of  crystallization,  if  any,  but  arrange  the  titles 
alphabetically  by  the  rewritten  formtda. 

The  reason  for  disregarding  water  of  crystallization  may  be 
illustrated  as  follows:  the  three  bodies,  NajSO^  or  anhydrotis 
sodium  sulphate,  NajSO^+ioHjO  or  Glauber's  salt,  and  the 
heptahydrated  salt  Na,S04+  THjO,  are  in  this  way  all  indexed 
under  the  same  indexing  formula  Na^O^S,  and  are  thereby 
brought  closely  together,  as  they  should  be,  in  one  place  in  the 
digest.     If  on  the  other  hand  water  of  crystallization  was  taken 
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mto  accoant  for  indexing  purposes,  the  correspoadicg  indexii 
formalas  would  become  Na,0,S,  H„Na,0„S.  and  H„Na,0| 
respectively,  and  these  three  very  closely  related  bodies  woul 
in  consequence,  be  widely  separated  in  the  digest,  which  resi 
would,  we  think,  be  a  very  undesirable  one. 

Our  index  is  being  prepared  on  the  card  catalogue  plan.  T 
cards  used  are  the  regular  I,ibrary  Bureau  standard  card,  N 
33,  size  7j  by  12^  cm.,  or  approximately  3  by  5  inches,  witho 
rulings  except  a  single  blue  horizontal  line,  ruled  f  of  an  in< 
below  the  top  edge  of  the  card. 

The  following  is  a  sample  set  of  cards  as  actually  made  out 
a  given  instance,  except  in  size. 
One  Formdla  Card  : 

C„Qi,Fe,0,.  or  (CH,.CO,).Fe,. 

Ferric  Acetate  ;  Acetate  of  Iron ; 
Kl8i>rotb's  IroD  Tincture;  Tinctura 
Ferri  Acelatis ;  Iron  Tincture, 
Klaproth's. 
See  A  Treatise  on  Chemistry.     By  H.  E. 
Roscoe  and  C.  Scborlemmer.  Vol.  3,  Or- 
ganic Chemistry,  Part  I,  Page  505. 

One  Polymer  or  Multiple  Formula  Card  : 

C,HiFeO, Polymer Clasa  2. 


Two  Classification  Cards  ; 
Acetates 


Four  Subject-matter  or  Title  Cards  : 

Ferric  Acetate 

See  C|,H|sFe,0„. 

Klaproth's  Iron  Tinctnre 
See  C„H„Fe,0„. 

Iron.  Klaproth's  Tinctnre  c 
See  C„H„Fe,0|,. 

Tinctura  Ferri  Acetatis 
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Consideritig  first  the  formula  card,  it  will  be  noted  that  in  the 
formula  the  atoms  are  rearranged  in  the  alphabetical  order  of 
their  chemical  symbols,  except  that  in  carbon  compounds  C 
comes  first,  and  H  second ;  and  that,  had  there  been  water  of 
crystallization  in  the  formula,  it  would  have  been  rejected.  Then 
follows  the  constitutional  formula,  where  the  water  of  crj'stalli- 
zation,  if  any,  would  appear.  Thus  had  the  body  been  cupric 
acetate,  the  first  line  of  the  formula  card  would  have  been 

C,H,CuO,    or    Cu(C,H.O,),  +  H.O. 

Then  follows  under  the  blue  ruling,  all  the  names  given  for  the 
body  in  question,  and  finally  the  reference,  by  volume  and  page, 
to  the  work  indexed. 

When  a  citation  is  to  a  patent  instead  of  to  a  book  or  other 
printed  work,  the  reference  given  will  be  about  like  this : 
See  U.  S.  Patent  No.  319082  to  Fahlberg,  dated  June  2,  1885. 

The  arrangement  of  these  cards  in  the  card  index  is  strictly 
an  alphabetical  one.  Thus,  all  cards  reading  C.  take  precedence 
of  C„  C,  of  C,,  etc.,  etc.  In  the  series  C^,  etc.,  the  order  of 
arrangement  would  be : 

CAgNO  ;  CAgS  ;  CAg.O, ;  CBr ;  CClHgN  ;  CC1,0  ;  CCl, ; 
CCuN;  CHAgO,;  CHBr;  CHCIJ ;  CHCl, ;  CH,AgNO,S; 
CH,C1,;  CH,S;  CH.AsCl, ;  CH.Br;  CH.CIOP ;  CH,F;  CH,; 
CH.AsClO ;  CH.CIN ;  CH, AINO.S, ;  CHeClN  ;  C,H, ;  C,H,Ca- 
C10.;C,H,AgNO;C,H.As;CeH,AgNO,;  C,H„0;  C.oH,,Cl.P; 
C„H,,C1N,0 ;  C,„H„N,0,,S, ;  CdO.S ;  ClCu ;  ClH,Hg,NO; 
DiN.O.;  HKO.S;  KMnO, ;  PCI,;  PCI.,  etc.,  etc. 

The  foregoing  series  will  fully  illustrate  the  method  of  arrange- 
ment. 

The  polymer  or  multijile  formula  cards  perform  the  following 
function :  There  are  many  bodies  which  analysis  shows  to  be 
composed  of  certain  elements  in  certain  proportions,  but  for 
which  theory  at  present  indicates  a  formula  containing  two, 
three,  or  more  times  as  many  atoms.  Thus  at  one  time  the 
formula  of  ferric  chloride  was  written  FeCl,,  whereas  it  is  now 
very  often  written  Fe,Clg,  and  such  doubled  and  tripled  formulas 
are  very  common. 

In  all  cases  where,  in  the  formula  as  written,  the  exponents  of 
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all  the  atoms  have  a  common  divisor,  after  the  doubled,  tripled, 
or  other  form  as  found  is  used  for  preparing  the  formula  card, 
the  formula  is  then  reduced  to  its  lowest  terms  by  dividing  the 
exponents  by  their  greatest  common  divisor,  and  a  polymer  or 
multiple  formula  card,  made  out  in  the  form  shown  by  the  fore- 
going sample  ("Class  2,"  "Class  3,"  etc.,  on  the  polymer 
cards,  indicates  the  common,  divisor) .  In  this  way  the  index  is 
rendered  independent  of  any  changes  in  the  formula  consequent 
upon  future  changes  of  view  with  reference  to  constitutional  for- 
mulas and  other  matters  of  theory. 

A  mere  reference  index  or  digest  should  in  no  way  depend 
upon  any  theory  subject  to  future  changes  with  advancing 
knowledge.  Classification,  on  the  other  hand,  must  necessarily 
depend  on  theory,  and  must  change  as  knowledge  is  increased. 

These  polymer  cards  are  sorted  in  with  the  regular  formula 
cards  to  form  part  of  the  formula  division  of  the  index  or  digest. 
We  may  illustrate  the  function  of  these  cards  thus :  suppose 
ferric  chloride  had  been  found  in  the  literature  under  the  formula 
Fe,Clg,  and  so  indexed,  but  no  polymer  card  made  out,  and  some 
one  consulted  the  index  under  the  formula  FeCl,;  the  reference, 
though  in  the  digest,  would  not  be  found,  but  with  the  polymer 
card  made  out  the  inquirer  by  it  would  be  referred  to  the  card 
Fe,CI„  where  the  required  references  would  appear.  All  the 
remaining  cards  compose  the  subject-matter  or  title  index,  com- 
prised first  of  the  classification  cards,  second  of  the  regular 
subject-matter  or  title  cards,  and  third  of  any  general  topics  that 
it  may  be  thought  advisable  to  include  in  the  alphabetical  division 
of  the  index. 

These  cards  require  but  little  explanation,  except  that  the 
general  statement  should  be  made  that  all  references  to  the  litera- 
ture or  patents  of  chemical  bodies  are  intended  to  be  entered  on 
the  formula  card,  and  all  the  other  cards  are  merely  used  as 
cross  references,  referring  the  inquirer  to  the  formula  card  for  all 
required  information. 

Classification,  it  will  be  noted,  is  attempted  only  to  a  limited 
extent  now,  but  will  be  carried  out  much  more  completely  here- 
after, by  a  supplementary  scheme  not  yet  fully  perfected — inde- 
pendent of,  though  based  on,  the  reference  index. 

The  present  scheme  however,  it  will  be  observed,  does  inci- 
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dentally,  bring  together  very  many  closely  related  carbon  and 
other  compounds,  and  arranges  alphabetically,  under  such  gen- 
eral titles  as  acids,  alcohols,  ethers,  acetates,  chlorides,  etc.,  the 
specific  bodies  of  the  given  class. 

In  practice,  to  use  the  digest,  if  the  empirical  formula  of  any 
compound  is  known,  it  must  be  rewritten  by  the  rale  already 
given,  and  at  once  is  disclosed  the  definite  place  in  the  formula 
index  where  the  desired  references,  if  digested,  will  be  found 
entered  upon  the  formula  card. 

If  on  the  other  hand,  one  of  the  various  names  of  the  body  is 
given,  the  subject-matter  index  is  entered  alphabetically,  and  a 
cross  reference  obtained  to  the  rewritten  formula  with  which  the 
formula  index  is  entered  for  the  required  information. 

The  question  arises,  as  between  this  system  and  such  a  one 
as  that  adopted  in  the  Berichte,  which  one  of  them  is  the  best ; 
that  is,  the  most  practical  for  the  intended  uses.  It  may  be 
said  generally  that  the  Patent  Office  needs  the  index  for  exactly 
the  same  purpose  as  the  scientific  or  practical  chemist  ,*  1.  e., 
to  obtain  references  to  the  literature  concerning  definite  chemical 
bodies,  where  either  the  name  or  the  chemical  composition  or 
both  is  given,  so  that  the  system  best  for  the  one  use  is  probably 
also  best  for  the  other  as  well. 

We  consider  our  system  to  be  preferable,  certainly  so  at  least 
for  the  patent  office,  and  I  may  say  that  it  was  elaborated  and 
adopted  without  any  knowledge  of  the  work  of  Richter  as  followed 
in  the  Bertchte  by  Jacobsen  and  Stelzner. 

In  our  system,  the  arrangement  of  the  formulas  is  governed 
by  the  following  general  principles  in  the  following  order : 

I  St.  The  number  of  C  atoms  )  . 

2nd.  The  number  of  H  atoms  r**  ^^•■*^°  compounds. 

3rd,  The  alphabetical  arrangements  of  the  symbols  of  the 
remaining  elements  (including  H  in  other  than  carbon 
compounds) . 

Practically,  in  indexing,  or  in  using  the  digest  as  an  index, 
the  only  thing  to  be  remembered  is,  that  in  carbon  compounds 
C  comes  first  and  H  second,  and  that  otherwise  the  rearrange- 
ment of  formulas  and  the  arrangement  of  such  formulas  in  the 
digest  is  always  alphabetically  by  the  symbols,  instead  ol  by 
the  names  of  the  component  elements. 
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That  the  Beriekte  system  is  much  more  complex  will  be  seei 
at  once.  Other  things  being  equal,  we  deem  that  system  whict 
is  simplest  to  be  the  beat,  provided  it  achieves  a  result  of  equa 
valae.  The  ideal  system,  we  think,  produces  the  best  result  witl 
the  minimum  of  labor,  both  mental  and  physical. 

In  rewriting  the  empirical  formula  by  the  Berichle  or  Richtei 
system,  one  must  remember  the  following  arbitrary  establishec 
order  of  precedence  of  certain  of  the  chemical  symbols  ;  i^>.,  C 
H,  O,  N,  CI,  Br,  I,  F,  S,  P,  and  this  both  in  rewriting  th< 
formulas  and  in  entering  the  table.  One  must  also  considei 
the  number  of  carbon  atoms  in  the  compound,  the  number  o 
difierent  varieties  of  atoms,  and  various  other  things  as  well. 

Thus  for  example,  in  the  Richter  system,  the  following  an 
the  principles  which  govern,  in  the  order  of  their  relative  impor 
tance : 

1st.  The  number  of  C  atoms. 

2nd.  The  number  of  different  kinds  of  atoms  other  than  C. 

3rd.  The  arbitrary  arrangement  of  ten  of  the  component  ele 

ments  in  the  following  order ;  w>.,  C,  H.  O,  N,  CI,  Br,  I 

F,  S,  P.  all  taking  precedence  over  the   remaining   ele 

ments. 

4th.  The  arrangement  of  all  other  component  elements  in  th( 

alphabetical  order  of  their  chemical  symbols. 
5th.  The  arrangement  of  chlorides,  bromides,  amides,  anilide: 
of  carbon  acids,  acetyl  and  benzoyl  derivatives,  oximes 
phenylhydrazones,  etc.,  under  the  formulas  of  their  cor 
responding  bases. 
6th.  The  arrangement  in  general,  of  salts,  either  under  thi 

formulas  of  their  bases,  or  of  their  acids. 
7th.  The  arrangement  of  salts  of  quartemary  ammonia  base: 

under  the  formulas  of  their  corresponding  hydroxides. 
By  way  of  comparison,  I  have  taken  from  the  pages  of  tht 
BcrickU  index  a  number  of  bodies,  with  the  formulas  writtei 
and  arranged  as  there  shown,  and  have  rewritten  and  rearrange! 
them  on  our  own  classification  division  plan. 
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PoRUOLAS  Taexk  from  thb  Bbrichte  Index. 
Pages  refer  to  Berickle,  No.  19,  of  1899. 

:  c.{, 

•  3454-        ' 
\  '■  34SS- 


CO, 

p.  3448- 

CHN 

CHCl, 

CHB.,  \  p.  3449. 

CH,0  i 

CH,N, 

CH,I, 

CH.N, 

CH,Br 

CH,0, 

CH.N 

COCl,  ■ 

CNBr 

CH0,C1 

CHNS    J 

CO.N,Br,    I 

CHO,N,Brtp.345i.C, 

C,H,  J 

cIhN.Ip   345i. 


p.  345°- 


P-3480, 
fp-J4S9- 


■  3464. 


In  the  foregoing  arrangement,  tbe  formulas  are  given  in  the 
same  order  as  in  the  BerichU,  other  formulas  which  come  in 
between  these  being  omitted  ;  and  in  the  following  table  these 
formulas  are  rewritten  and  rearranged  on  the  plan  which  we  have 
adopted,  a  few  form  ulas  not  found  in  the  £frifA&  index  beingadded 
to  illustrate  the  application  of  our  scheme  to  inorganic  bodies. 
FoRuuLAs  Rewritten  and  Arranged  on  the  Plan  Adopted  bv  the 
Classification  Division,  U.  S.  Patent  Office. 

The  rewritten  formula  is  in  our  digest  generallj'  followed  bj  the  empiiiol 
or  constitutional  formula  as  usually  written  by  chemiata,  but  from  lack  of 
space  I  have  omitted  the  constitutional  fonnulA  in  many  caaea  in  the  foJIo*- 
iug  table  : 


AgCl 
\  AgMnO, 
AlHjNOA  or  NH,AUSO,), 

+  I3H,0 
AaH,EO,  or  KH,As0, 
AuCI,K  or  KAtlCl, 
BNaO,  ot  NaBO, 
BaN,0,  orBa(NO,), 
(  Br,OSc  or  SeOBr, 
\  Br,Zn  or  ZnBr, 


CBrN  or  Br  CN 

CBr,N,0,  orC(NO,),Br, 

CCl.O  or  COCl, 

CCl, 

CHBrN.O,  or  CHBr(NO,), 

CHBr, 

CHCIO,  or  COCl.  OH 

CHCl, 

CHN  or  HCN 

CHNS  or  CN.SH 
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I,  \  CH,Ni 

lCH,OorCOH, 
,   I  CH,Br 
'•\CH,N. 
t.^CH.0, 

l.\  CH,N  or  NH,(CH,) 
,    fCO, 

^■\cs, 

'•tc.CI.HaorCHg.Cl. 

fC,HCl.Sg.O,or 
I  J  CHg,Cl,CO,H 

*'  1  C,  T  CC1,.CH0 

Ic, 

us 

(C,  orC,H,(NO,). 

^{c,  orCCI,.CH(OH), 

fC  or(CH,Cl),N, 

I.    C,  >r 

I.  CHO.CH{SO,H), 

,   )  C,H,C1,N, 
^'  \  C,H,NO,  or  CjHjNO, 
,   (C,H,BrNor  N(CH,),Br 
*•  I  C,H,0,S  or  C,H,(SO,H) 

rCHSiA  or 

N=C -N - 

-  C  -CO  - 


H.l< 
H.{i 
H.{! 


'.{' 


CH, 

c.H,a, 

CH,N.oi 


icL 


N 


Ml . 


CH.CH, 

JN  CO-CHj-HBr 

CJH^NOt 

OH.CHo.CH,.NH.CH, 
C,H,NS  or 
•  CH,-CH-SH 

CH,  — NH, 
( C,Hi,N,0  or 
"X  OH(CH,),N.NH, 

,  i  C.H,N,0, 

r  O 

JCiH.OordH     CH 


,),CH.CH(CH,), 

P(C,H,). 
J,  or 
,OH)As,OH(CH, 

rici, 

Cos 

fCrOjPborPbCrOj 
Cr^Cr,K,0,,S.or 

l       Cr,(SO,),K^O,+a4H,C 

CuN,0,  orCu(NO,), 

FeKO,S,or  FeK[SO,), 
f  HK,  or  K,H 
\  H,MoO( 
(  H,N  or  NH, 

HgNO, 

IKO,  or  KIO, 

KjNiOsS,  or 

NiSO,  +  K,SO,  f  6H, 

MoO.Pb  or  PbMoOj 

Na,0,Si  or  Na,SiO, 
(  OPb  or  PbO 
J  OjPd  or  PdO, 
tOjTeorTeO, 

SSi  or  SiS 
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As  a  practical  test  of  the  two  systems,  take  the  six  following 
bodies ;  rewrite  them  first  by  our  system  and  find  them  in  our 
table ;  then  rewrite  them  by  the  Berichte  rules  and  find  them 
in  the  Berichte  table  ;  and  the  demonstration  of  the  superior  sim- 
plicity of  our  system  will  be  complete.     The  bodies  are  : 

I SP(OC.H5)Cl, 

2.     C,H,Cl,{OH) 

3.     CHg,Cl,CO,H 

4 CN.SH 

5.     N.CO.CjHj.HBr 

N  =  C  — N—  N 

6 I  >  I 

HN  — C  — CO  — O 

This  comparison  speaks  louder  than  word^,  and  I  think  most 
chemists  will  agree  with  me  that  our  system  affords  to  the  in- 
quirer, with  the  minimum  of  technical  knowledge,  the  maximum 
of  information,  in  the  surest  manner,  and  with  the  minimum  of 
mental  and  physical  labor,  and  without  the  danger  that  a  future 
change  in  theory  will  mislead  the  future  user  of  it.  In  other 
words,  the  use  of  the  digest  is  as  far  as  possible  independent  of 
all  theory,  and  founded  only  on  unchanging  facts. 

Let  me  here  call  attention  to  the  point  that  in  the  Berichte  sys- 
tem the  formulas  of  very  many  large  classes  of  bodies,  such  as 
salts,  amides,  anilides  of  acids,  etc.,  etc.,  have  no  representation 
in  the  index.  Their  formulas  do  not  appear  in  it  at  all;  but 
only  their  names,  which  are  classified  under  the  different  formu- 
las of  some  related  body  ;  so  that  in  a  given  case,  unless  one  re- 
members all  these  various  classes  of  excepted  bodies,  if  forgetting 
any  of  these  things  he  rewrites  the  formula,  and  enters  the 
Berichte  digest  or  index  with  it,  thus  rewritten,  he  finds  none  of 
the  matter  indexed.  He  must  first  remember  that  the  body 
sought  is  not  indexed  under  its  own,  but  under  some  different 
formula  of  a  body  more  or  less  closely  related  to  it ;  that  is,  that 
the  body  belongs  in  some  one  of  these  many  excepted  classes, 
and  then,  after  determining  under  what  base  or  acid  it  will  be 
found,  he  must  enter  the  table  with  the  rewritten  formula,  not  of 
the  body  itself,  but  of  the  given  base  acid  or  other  body  to  which 
it  is  now  supposed  to  be  related,  although  advancing  knowledge 
may  hereafter  prove  this  view  as  to  supposed  relationship  to  be 
erroneous. 
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Moreover,  in  the  case  of  a  body  of  which  the  number  and  kind 
of  the  component  atoms  are  known,  but  as  to  the  constitution  ol 
which  little  or  nothing  is  known,  while  the  body  may  be  correctly 
entered  in  the  Berichte  index  under  the  formula  of  some  base  ot 
acid  or  other  supposedly  related  body,  it  would  evidently  nevet 
be  found,  because  not  knowing  its  constitution,  we  do  not  know 
the  base  or  acid  under  which  it  is  indexed,  and  so  would  not 
find  it  in  the  table. 

In  our  system,  every  chemical  body  indexed  is  represented  in 
the  digest  or  table  by  its  rewritten  empirical  formula.  No  bodies 
are  indexed  as  subheads  under  the  formulas  of  other  compounds. 
The  indexing,  and  conversely,  the  finding  of  the  body  in  the 
index,  is  rendered  absolutely  independent  of  any  theories  of  con- 
stitution whatever,  and  made  to  depend  solely  on  the  kind  an<j 
number  of  the  component  atoms,  arranged  alphabetically  bj 
their  symbols,  except  that  in  carbon  compounds,  C  comes  first 
and  H  second.     Nothing  can  be  more  simple. 

No  serious  attempt  is  made,  however,  to  make  the  system, 
which  is  merely  intended  to  be  a  reference  index,  at  once  a  clas- 
sification, and  also  an  index  as  well ;  that  is,  classification  is  nol 
pushed  beyond  the  point  where  it  begins  to  encroach  on  th( 
digest  idea  ;  and  any  such  attempt,  I  believe,  will  surely  fail  t< 
fully  fulfil  either  function  in  the  highest  degree.  In  a  good  index 
the  classification  idea  must  be  kept  sut>ordinate.  Hence,  it  follow: 
that  from  our  point  of  view,  the  Berichte  system,  as  a  mere  digest 
or  index,  as  well  as  that  of  Richter  and  all  other  similar  systems 
is  inferior  to  ours  in  the  points  indicated  ;  while  as  systems  o 
classification,  they  can  not  but  be  inferior  to  such  as  are  foundet 
on  proper  lines.  Such  systems  can  be  worked  out  withoui 
being  hampered  by  the  digest  or  dictionary  idea,  and  whicl 
important  work  —  classification  proper  as  distinguished  from* 
mere  digest  or  index  —  we  hope  to  be  able  to  take  up  at  som< 
future  time,  on  a  comprehensive  scale,  as  supplementary  to  th< 
present  work  in  hand. 

It  would  be  manifestly  unfair,  however,  in  this  comparison  o 
systems,  to  overlook  the  fact  that  both  in  the  field  covered,  anc 
in  the  intended  use.  the  two  systems  are  not  exactly  the  same 
Richter's  system  is  designed  for  and  applied  solely  to  the  bodie 
of  organic  chemistry  for  the  use  of  specialists  in  that  brand 
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familiar  with  its  classification.  Ours  covers  the  entire  domain 
of  chemical  research,  both  inorganic  and  organic,  and  is  for  the 
general  inquirer.  Prom  a  classification  standpoint,  the  order 
of  preference— -C,  H,  O,  N.  CI,  Br,  I.  F,  S,  P  — is  ^justified 
in  organic  chemistry;  but  in  inorganic  chemistry  it  has  no 
justification,  and  would  lead  to  awkward  and  unfamiliar  formu- 
las, with  no  compensating  advantages. 

When  a  general  reference  index  to  all  bodies,  both  organic 
and  inorganic,  is  under  consideration,  if  an  order  of  preference 
is  to  be  established,  one  will  have  to  adopt  different  orders  in  the 
organic  and  inorganic  domains,  or  else  do  as  we  have  done— 
that  is,  establish  no  order  of  preference  whatever,  with  the  one 
exception  of  giving  C  and  H  preference  in  that  order  in  carbon 
compounds  so  as  to  thereby  effect  a  differentiation  of  oiganic 
from  inorganic  bodies. 

Moreover,  Richter's  system  is  more  adapted  to  the  needs  of 
those  who  are  studying  bodies  as  a  class  and  to  whom  classifica- 
tion is  of  greater  importance;  while  our  system  is  speciallj 
adapted  to  the  needs  and  requirements  of  those  who  are  merely 
searching  for  references  to  the  literature  of  specific  chemical 
bodies — particularly  those  bodies  the  empirical  formulas  of 
which  are  known,  but  as  to  the  constitution  of  which  little  if  any 
information  is  at  hand. 

The  approval  of  our  system,  therefore,  does  not  necessarily 
imply  that  it  is  a  criticism  of  or  shall  supersede  that  of  Ricbter. 
Because  of  these  differences  in  the  field  covered  and  in  the 
intended  use,  the  two  systems  have  really  no  serious  quarrel ;  and 
where  ours  is  applied  to  organic  bodies,  the  Richter  formula 
could  also  be  given  on  the  cards  prepared  on  our  system  to 
facilitate  reference  to  the  Berichie^  and  the  Richter  Lexicon,  with 
its  75,000  titles  of  organic  compounds. 

In  conclusion,  there  arises  the  question  of  how  far  the  system 
described  in  this  paper  is  adapted  to  the  needs  of  chemists  gen- 
erally as  a  universal  scheme  for  the  indexing  or  digesting  0/ 
chemical  literature.  That  it  fully  meets  the  needs  of  the  Patent 
OflSce  we  have  no  doubt,  and  for  myself,  I  can  not  see  wby  the 
needs  of  the  practical  and  scientific  chemist  are  not  about  the 
same  as  ours. 

The  object  of  a  dictionary  of  chemistry,  a  reference  index,  or 
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a  digest  system,  such  as  those  contained  in  the  German  Bericktt 
and  similar  works,  and  the  Abstracts  of  the  Chemical  Society, 
is  to  furnish  to  the  chemical  inquirer,  in  the  best  and  quictcesl 
way,  digested  infonnation  and  references  to  the  latest  literature 
on  any  given  chemical  body,  process,  or  general  chemical  topic. 
Our  system  directly  covers,  very  fully,  and  in,  we  believe, 
the  best  and  quickest  way,  the  inquiry  as  to  the  chemical  body, 
and  incidentally,  the  inquiry  as  to  any  specific  chemical  process, 
since  every  such  process  has  for  its  aim  the  production  of  a 
specific  chemical  body,  and  hence  the  literature  relating  to  such 
process  wilt,  of  course,  be  digested  under  the  formula  of  tb« 
resulting  product. 

An  index  or  digest  of  general  chemical  topics,  or  processes  of  a 
general  nature  not  specially  adapted  to  the  production  of  a  specific 
body,  but  to  many  bodies  more  or  less  closely  related,  can  not.ol 
course,  be  included  in  any  mere  formula  scheme,  which  can 
only  represent  specific  bodies,  but  must  come  into  some  general 
or  dictionary  plan  based  on  names  or  titles,  and  such  references 
of  this  class  as  it  might  seem  desirable  to  include  in  a  general 
scheme  of  chemical  indexing,  would  easily  work  in  with  the 
alphabetical  arrangement  of  chemical  names  provided  for  in  the 
system  we  have  adopted. 

Probably  the  most  natural  objection  which  the  practical  chemist 
would  make  to  the  adoption  of  the  system  of  indexing  by  rewritten 
formulas  as  one  of  the  component  parts  of  a  general  scheme 
for  chemical  indexing,  would  be  that  to  rewrite  or  rearrange 
the  chemical  symbols  in  the  accepted  formula  on  a  purely  alpha- 
betical basis,  would  appear  to  offend  the  chemical  sense,  and  do 
violence  to  the  long-established  usage  of  chemists  in  writing 
such  formulas  with  the  component  elements  or  radicals  arranged 
in  an  order  depending  largely  on  their  relative,  positive,  or  nega- 
tive qualities,  using  these  terms  in  their  broadest  chemical 
meaning. 

In  answertothisobjection, it  should  be  noted  that  if  this  really 
be  a  valid  objection,  it  applies  just  as  fully  to  the  system  used 
by  Ricbter  in  the  earlier  editions  of  his  "Lexicon"  and  adopted 
and  approved  in  the  BerUhte  Indexes  and  other-  publications  as 
to  ours ;  and  it  can  be  urged  with  equal  force  against  the 
monumental  work   of   Richter,   just  published,  which   is  an 
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enlarged  edition  of  his  earlier  work.  So  that,  with  such  backing 
as  Richter  and  the  Berichte,  it  would  seem  as  if  the  objection 
was  not  as  valid  as  might  at  first  appear. 

Moreover,  in  our  system  it  is  an  unvarying  rule  that  the  rear- 
.ranged  formula  is  never  used  or  written,  whether  on  cards  or 
elsewhere,  without  being  immediately  followed  by  the  empirical 
or  constitutional  formulas,  so  far  as  the  same  are  known  or  in- 
ferred ;  so  that  an  objection  which  might  have  force,  were 
nothing  but  the  rewritten  formulas  given  in  the  digest  or  on  the 
index  cards,  loses  its  force  when  the  ordinary  formula,  so  familiar 
to  the  chemist,  is  always  an  invariable  accompaniment  of  the 
new  and  unfamiliar  indexing  formulas. 

As  soon  as  the  idea  is  fully  grasped  that  the  rewritten  formula 
is  merely  an  arbitrary  arrangement,  in  the  nature  of  a  position 
indicator,  determining  position  in  a  mere  reference  index  to  liter- 
ature and  nothing  more,  the  chemical  sense  will  be  no  longer 
offended.  The  justification  for  its  use  lies  in  the  fact  that  such 
a  formula  unerringly  indicates  one,  and  one  only,  definite  and 
specific  place  in  the  index  where  we  are  to  look  for  all  references, 
with  a  certainty  that  no  other  character,  name,  or  title  of  the 
body  can  afford.  With  other  systems  we  are  somewhat  uncer- 
tain where  to  look  for  our  information;  —  with  this  system  all 
uncertainty  at  once  disappears. 

Personally  I  should  be  glad  to  see  a  general  scheme  of  index- 
ing current  chemical  literature  carried  out  at  some  future  time 
for  the  benefit  of  American  chemists,  under  the  auspices,  for  in- 
stance, of  the  Smithsonian  Institution,  along  these  general  lines 
which  have  been  blocked  out  in  our  Classification  Division, 
modified  or  improved  perhaps  by  the  combined  wisdom  and  ex- 
perience  of  the  American  Chemical  Society. 

For  example,  the  Smithsonian  Institution  might  publish  an 
annual  index  to  current  chemical  literature,  divided  into  a  for- 
mula  division,  arranged  along  some  such  lines  as  here  suggested, 
and  a  subject-matter  or  title  division,  in  which  all  names  and 
subjects  were  alphabetically  arranged,  and  the  names  of  chem- 
ical bodies  all  cross-referenced  into  the  formula  index,  all  refer- 
ences to  the  literature  of  chemical  bodies  being  collated  under 
the  unvarying  formula  of  the  body,  and  not  under  one  of  its 
various  and  varying  names. 
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Such  an  index  should  cover  the  leading  chemical  periodicals 
—  such  works  as  Berichie  and  the  Abstracts  of  the  Chemical 
Society,  and  the  more  important  chemical  publications  of  the 
year. 

The  vast  army  of  chemical  workers  in  our  universities,  labor- 
atories, and  corporate  and  government  offices  and  institutions, 
state  and  national,  should  be  enlisted  in  the  work,  each  willing 
worker  assigned  some  special  publication  or  portion  of  same, 
and  be  supplied  with  standard  library  bureau  cards  and  general 
instructions ;  and  the  cards  as  prepared  sent  in  to  the  central 
bureau  established  here  in  Washington,  where,  after  being 
sorted  into  place  in  the  receiving  cabinets,  and  with  proper  edit- 
ing, they  would  form  the  basis  from  which  would  be  compiled 
the  annual  index  volume. 

These  volumes  would  probably  be  less  of  a  digest  and  more  of 
an  index  than  the  present  Abstracts  of  the  Chemical  Society  or 
the  Berichte,  and  would  cover  a  somewhat  different  field  than 
either.      .  - 

Lastly,  these  annual  volumes  should  be  sold  at  cost  price,  so 
as  to  become  a  working  tool  in  the  hands  of  all  the  chemical 
workers  of  the  country. 

I  may  here  briefly  refer  to  a  special  development  of  this  work 
now  being  carried  out  in  our  Patent  Office  Index.  We  have 
procured  two  copies  each  of  the  Berichte  Indexes  for  1898  and 
1899.  The  separate  titles  in  the  formula  portion  of  these 
indexes  are  in  most  cases  small  enough  to  be  cut  out  and  pasted 
on  our  standard  indexing  cards  and  still  leave  room  enough  at 
the  top  to  rewrite  the  formula  on  our  own  plan.  We  are  also 
considering  the  application  of  this  system  of  cutting  and  pasting 
from  two  duplicate  copies  to  the  new  Richter  ** Lexicon'*  with 
its  75,000  titles,  and  possibly  to  the  four  volumes  of  the  last  edi- 
tion of  Watts'  ** Dictionary,"  Thorpe's  ** Dictionary  of  Applied 
Chemistry,"  the  yearly  abstract  volumes  of  Xh^ Journal 0/ the 
London  Chemical  Society,  and  such  other  works  of  general  refer- 
ence as  it  may  be  found  advisable. 

But  to  return,  in  conclusion,  to  the  idea  of  a  central  bureau  at 
Washington,  supervising  the  indexing  of  chemical  literature, 
would  not  some  such  plan,  properly  matured,  and  carried  out 
to  a  successful  completion,  be  a  work  worthy  of  the  great  scien- 
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tific  institution  of  the  national  capitol,  founded  expressly  for  the 
dissemination  of  useful  knowledge,  and  be  directly  in  line  with 
their  publication  in  past  years,  of  the  indexes  to  the  literature  of 
specific  chemical  bodies,  which  has  so  much  redounded  to  their 
credit?  It  seems  to  me  at  least  that  it  would  be  a  work 
worthy  of  their  best  endeavor,  and  of  whose  great  utility  there 
could  be  no  question  whatever. 


CAU5E  OP  THE  LOSS  IN  WEIGHT  OF  COMnERCIAL  PLAT- 
INUn,  WHEN  HEATED  UNDER  SOME  CONDITIONS. 

By  Robb&t  W.  Hall. 
ReceiTcd  June  15,  1900. 

THE  fact  that  commercial  platinum  sometimes  loses  weight 
when  heated  has  been  frequently  noticed  and  experiments 
made  to  determine  the  cause  of  the  loss.  This  loss  has  been 
observed  under  at  least  seven  conditions. 

1 .  When  platinum  is  made  the  cathode  for  the  spark  from  an 
induction  coil. — That  platinum  is  dissipated  under  this  condition, 
was  observed  by  Pliicker*  and  very  fully  described  by  him.  A. 
W.  Wright*  and  others  studied  the  same  phenomena.  The  plat- 
inum is  dissipated  alike  in  air,  in  vacuum,  and  in  hydrogen,  and 
the  phenomena  are  regarded  as  purely  physical  or  mechanical. 

2.  When  platinum  is  heated  in  a  Bunsen  gas  flame ^  sufficiency, 
reducing  to  deposit  some  carbonaceous  matter  on  the  platinum.-' 
R6mont'  obtained  in  this  way,  in  thirty  minutes,  a  deposit 
weighing  22  milligrams  *  and  containing  10  milligrams  (A 
platinum.  R6mont  made  some  experiments  to  show  that  this 
loss  is  not  due  to  the  heated  carbonaceous  matter  alone.  He 
attributed  it  to  some  constituent  of  the  gas. 

3.  When  platinum  is  heated  in  the  ordinary  smokeless  Bunsen 
flame, — Some  observers  note  a  constant  loss  under  these  con- 
ditions. Wittstein^  found  such  a  loss  and  attributes  it  to  osmium, 
which  he  found  in  the  platinum  scrap  of  that  time.  Stolba* 
found  that  a  platinum  crucible  lost  weight  at  the  rate  of 
16   milligrams  in   twelve  hours.     Stolba  remarks  that  while  he 

1  Ann,  Phys.  Chem.,  X03,  90  (-1858). 

2  Sill.  J.  Set.  and  Arts,  Janaary,  1877. 
>  Bull.  Soc.  Ckim.,  35,  4S6  (1882). 

♦  DingltT'8  poly.  J.,  179,  399  (1866). 
ft  /bid.,  X98, 177  (1870). 
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does  not  deny  the  possible  presence  of  osmium,  there  would 
have  to  be  more  osmium  in  the  platinum  than  in  the  original  ore, 
to  account  for  the  continuous  losses  he  observed.  Erdmann,^ 
with  Pettenkofer,had,  however,  studied  the  behavior  of  platinum 
crucibles  in  the  Bunsen  flame  and  observed  the  formation  of  a 
gray  coating,  but  without  loss  or  gain  in  weight.  Erdmann 
concludes  that  the  gray  coating  is  due  to  molecular  change  in 
the  platinum.  Crookes^  discusses  Erdmann's  paper  and  agrees 
with  him. 

The  writer's  experience  agrees  with  that  of  Erdmann,  so  far 
as  constancy  of  weight  is  concerned.  Possibly  some  of  the  plat- 
inum of  commerce  about  1866  to  1870  differed  in  composition 
from  that  commonly  used.  It  may  be  noted  here  that  platinum 
heated  in  a  flame  of  hydrogen  containing  arsine  and  then 
strongly  ignited,  shows  the  phenomena  observed  by  Erdmann  in 
a  very  marked  degree. 

4.  IVhen  platinum  is  very  strongly  heated  in  a  furnace  for  firing 
porcelain, — Elsnei^  found  that  platinum  burned  into  porcelain, 
was  entirely  dissipated  when  exposed  to  the  full  heat  of  an  oven 
used  for  firing  porcelain,  during  the  burning  of  a  batch. 

Platinum  black,  however,  placed  in  a  small  porcelain  crucible, 
under  the  same  conditions,  only  melted  to  small  globules,  with 
a  metallic  luster. 

5.  When  platinum  is  heated  in  a  combustion  tube  in  air, — H. 
Kayser*  attempted  to  free  air  from  possible  hydrocarbons  by 
passing  it  over  platinum  in  a  glass  tube  heated  externally.  He 
observed  phenomena,  which  he  explained  by  the  assumption 
that  the  platinum  gave  up  finely  divided  particles  to  the  air. 

6.  When  platinum  is  heated  by  an  electric  current, — That  plat- 
inum is  dissipated  when  heated  in  air  by  the  electric  current 
seems  to  have  been  discovered  first  by  Thomas  A.  Edison.* 

Edison  observed  that  glass,  surrpunditlg  the  wire,  became 
covered  with  a  mirror  of  what  he  assumed  to  be  metallic 
platinum   and  that  when  the  wire  was  placed  in  a  bulb  and  as 

I  J.prakt.  Chem.,  79,  117  ^1860). 

9  "  Select  Methods  in  Chemical  Analysis,"  2nd  Bd.,  p.  681. 

*  J.praki.  Ckem.,99,  257  (1866),  from  Chem.  Uch.  Mittk,  (Eisner)  7,  36  (1857-1858). 
4  Ann,  Phys.  Chtm.,  34  (1888). 

*  Chem.  News,  40.  152.  from  Proc.  Am.  Ass.,  1879,  173. 
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perfect  a  vacuum  as  possible  produced,  the  loss  ceased.  Edison 
pronounced  the  action  to  be  purely  mechanical. 

Nahrwold,*  in  apparent  ignorance  of  Edison's  work,  repeated 
part  of  Edison's  experiments  and  further  observed  that  the 
metallic  coating  dissolved  in  aqua  regia,  only  in  part. 
Nahrwold  pronounces  no  opinion  as  to  the  nature  of  the  action. 

Berliner^  endeavored  to  explain  the  action.  He  found  that 
platinum,  which  had  been  exposed  to  air,  gave  up  gas  when 
heated  in  a  vacuum,  that  while  doing  so  platinum  was  dissipated, 
giving  a  deposit  on  glass  cylinders  surrounding  the  metal  and 
that  the  dissipation  of  the  platinum  ceased,  when  gas  was  no 
longer  given  off.  In  hydrogen  the  behavior  was  exactly  the 
same  as  shown  by  a  single  successful  experiment  and  Berliner, 
therefore,  concluded  that  the  action  was  a  purely  mechanical  one 
caused  by  the  escaping  gases. 

7.  When  platinum  is  heated  before  the  blast-lamp, — Beilstein^ 
notes  that  platinum  crucibles,  both  of  pure  and  of  less  pare 
platinum,  lost  weight  to  an  important  degree  on  ignition  bnt 
that  after  repeated  ignition  the  loss  became  less.  The  writer's 
experience  does  not  agree  with  this.  For  example,  in  a  series 
of  experiments,  a  crucible  which  had  been  used  for  some  years, 
was  ignited  nineteen  times,  under  varying  conditions,  with  a 
total  loss  of  10.3  milligrams ;  on  being  ignited  for  the  twentieth 
time  (see  Table  B,  Experiment  i)  it  showed  a  loss  of  2  milli- 
grams in  thirty  minutes, — a  greater  loss  than  was  obser\^ed  in 
any  of  the  preceding  experiments.  Perhaps  if  a  new  cracibJe 
had  been  used  for  the  first  experiment  of  the  series,  results  like 
Beilstein's,  would  have  been  obtained. 

The  attention  of  the  writer  was  directed  to  the  subject  soon 
after  moving  to  a  new  laboratory,  by  finding  that  the  ordinary 
platinum  crucibles  of  commerce  lost  weight  so  rapidly,  when 
used  for  the  conversion  of  calcium  oxalate  into  calcium  oxide, 
that  even  an  approximately  constant  weight  could  not  be 
reached. 

This  was  the  more  remarkable,  as  the  burners  and  general 
arrangements  were  the  same,  as  had  been  used  for  several  years, 

1  Ann.  Phyi.  Chewi.,  3X1  467  (1887). 
a/*irf.,  33.287(1888). 

^  Short  abstract  CA^m.  Cent*'hl.^  18S0.  614.    Origrinal  in  2.  rusk.  chim.  obu.,  la.  iSSo. 
not  accessible. 
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with  the  exception  that  for  a  foot-blower,  there  was  substituted 
a  steady  blast  from  a  blowing  engine,  giving  a  more  evenly  high 
temperature. 

The  gas  used  was  a  mixture  of  retort  gas  and  of  the  so-called 
••water-gas"  enriched  with  naphtha  gas.  It  contained  about 
15  per  cent,  of  carbon  monoxide  and  in  this  respect  resembled 
the  gas,  which  had  been  used  formerly,  without  causing  any 
loss  of  weight  in  the  crucibles. 

The  loss  was  not  due  to  the  high  temperature  alone,  for  the 
writer  has  frequently  heated  crucibles  with  a  steady  blast,  to  the 
most  brilliant  **  blue  whiteness,'*  without  loss. 

Experiments  showed  that  the  loss  was  not  due  to  dust  in  the 
air  or  gas,  acting  as  a  sand-blast,  for  filtration  of  the  air  and  gas 
through  cotton-wool  made  no  difference;  nor  to  unusual 
amounts  of  the  impurities  removable  by  alkalies  in  the  gas,  for 
the  losses  still  continued  after  a  careful  purification  of  the  gas  by 
passing  it  through  potassium  hydroxide  solution  and  over 
•*  soda-lime.'* 

Nor  was  the  loss  likely  to  be  due  to  any  peculiarity  in  the  plat- 
inum used,  for  old  and  new  crucibles  of  soft,  comparatively  pure 
platinum  and  a  crucible  of  a  platinum-iridium  alloy,  gave  about 
the  same  results.  •  In  every  case,  after  heating,  the  platinum 
showed  a  somewhat  roughened  surface,  with  a  most  beautiful 
silvery  luster. 

Table  A. 
Soft,  commercial  "pure"  platinum  from  Eimer  and  Amend,  New  York. 


No. 

Weight     of     wir« 
before  heating. 

Weight  after  heat 
ing. 

Gas  used. 

Duration  of  expert 
nient  in  minutes. 

Loss  or  gain  in 
milligrnms. 

a 
■*« 

S 

JO 

SI 

I. 
2. 

2.9085 
2.9085 

2.9085 
2.9085 

CO 

30 
30 

0.0 
0.0 

0.00 

0.00 

3. 

2.9083 

2.9080 

li 

35 

—0.3 

0.13 

4. 

2.9080 

2.9054 

air 

30 

-2.6 

1.30 

5- 

2.9054 

2.9022 

C( 

30 

—3.2 

1.60 

6. 

2.9022 

2.8977 

it 

45 

—4.5 

1.50 

Remarks. 


{Supply  of  gas  insuffi- 
cient.  Some  air  may 
have  gained  access, 
f  Slight  mirror  on  the 
\     glass. 
,  £^    J  Slight  mirror  on   the 

?  Slight  mirror  on   the 
\     glass. 


1 


498 


ROBERT  W.    HAI^L. 


No. 


22 

fl 

nrn-a 

41 
--« 

•••  o 


01 

«; 

Ji 

u 
it 


Ji 


Gas  used. 


^   ■ 
4;  « 

Ms 

•'a 
o  s 

'I 

pa 


a  • 
Obft 


7.     2.8977    2.8889         air 


3b 

90    —8.8 


8. 

10. 
II. 


1.7258    1.7137 
t.7137     C.6905 


<( 


1.6905 
2.8889 


1.6902 
2.8716 


oxygen 


CO, 


60  — 12. 1 
60  —23.2 


51 

1.46 


3.02 
5.80 


90 


3    0.05 


Remarks, 
f  Slight  mirror  on  the 

f  Mirror.    Thinner  wire. 

Higher      resistance. 

Carreat  more  easily 
I  regulated.  Hence 
L     heat  higher. 


oxygen       85  —17.3    3.05 


12.     2.8468    2.7165 


n 


360—130.3  5.43 


13-    30935    30939    hydrogen 
14.     2.8714    2.8715 


(t 


60 
90 


-1-0.4 
-f-o.i 


Mirror.  Heat  not  high. 
Difficult  to  regulate 
current  owing  to 
small  resistance. 

{Glass  covered  with u 
almost  opaque  mir- 
ror, 
f  Hydrogen  found  to 
\  contain  some  arsine. 
i  Hydrogen  free  from 
\     arsine. 


Some  experiments  were  therefore  undertaken  to  answer  the 
question  why  platinum  crucibles  sometimes  keep  a  constant 
weight,  when  heated  in  a  gas  flame,  to  a  temperature  very  near 
their  melting-point  and  why  they  sometimes*  lose  weight,  at  a 
rate  amounting  to  a  milligram  in  fifteen  minutes. 

Wires  of  the  ordinary  soft  **pure"  platinum  of  commerce, 
about  40  cm.  in  length,  were  placed  within  a  glass  tube  78  cm. 
in  length  and  3.5  cm.  in  diameter,  closed  at  each  end  with 
caoutchouc  stoppers  and  provided  with  openings  for  the  intro- 
duction and  exit  of  the  different  gases  used. 

The  platinum  wires  used  were  hung  on  platinum  rods  and 
these  again  hung  on  copper  conducting  wires.  A  stream  of  the 
gas  used  was  passed  through  the  apparatus  and  then  the  wiie 
was  brought  to  a  temperature  as  near  its  melting-point  as  could 
be  done  safely,  by  means  of  an  electric  current. 

The  details  of  these  experiments  are  given  in  table  A. 

The  results  of  these  experiments  was  unexpected. 

They  show  that  the  loss  of  weight,  in  the  reducing  or  neutral 
gases,  carbon  monoxide  or  carbon  dioxide,  is  zero  or  very 
slight;  that  in  hydrogen  there  is   a  very  slight   gain,   while 
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in  air  and  oxygen  the  loss  is  very  rapid,  in  Experiment 
No.  12,  amounting  to  5.4  milligrams  in  each  fifteen  minutes. 
The  two  experiments  with  hydrogen,  showing  an  actual  gain, 
are  not  necessarily  in  conflict  with  Berliner's  result,  since  in 
these  two  experiments  the  platinum  was  cooled  in  hydrogen, 
while  in  Berliner's  experiment  the  platinum  was  cooled  in  a 
vacuum.  The  following  experiments  were  made,  however,  and 
do  seem  to  conflict  with  Berliner's  result.  The  wires  used  in  Ex- 
periments 13  and  14,  were  heated  by  the  current,  for  sixty  and 
ninety  minutes,  respectively,  in  an  atmosphere  of  carbon  diox- 
ide. After  this  treatment  they  weighed  within  0.05  milligram 
of  the  original  weights ;  that  is,  the  differences  were  within  the 
error  of  weighing.  It  may  be  remarked  that  Berliner's  experi- 
ments were  qualitative,  but  he  describes  the  deposit  from 
hydrogen  as  an ''opaque  platinum  mirror."  Berliner's  experi- 
ments were  beautifully  planned  and  no  explanation  of  the 
apparent  conflict  suggests  itself. 

It,  therefore,  appeared  probable  from  the  result  of  these  experi- 
ments, that  a  highly  oxidizing  gas  flame  would  cause  a  greater 
loss  of  platinum,  than  a  more  reducing  one. 

Experiments  were  made  to  test  this  by  placing  a  platinum 
crucible  in  a  blast-flame,  first  high  up  in  the  flame,  above  the 
point  where  the  maximum  temperature  could  be  reached  and 
where  the  flame  should  be  oxidizing  and  then  bringing  it  down 
by  steps,  nearer  the  burner,  below  the  zone  of  maximum  tem- 
perature, where  the  flame  should  be  more  reducing,  under  the 
following  conditions. 

Two' burners,  with  converging  flames  were  used,  a  steady  blast 
from  a  blowing  engine,  the  flame  surrounded  by  perforated 
clay  crucibles,  the  blast  adjusted  in  each  case  so  as  to  give  the 
maximum  heat,  in  the  particular  position ;  duration  of  each  ex- 
periment thirty  minutes. 

Weight  of  the  platinum  crucible,  1 1.9694  grams. 

The  following  results  were  obtained : 
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Table  B. 

No.       Distance  between 

of       bottom  of  crucible  Loss  of  Loss  per  15                            u          v 

Exp.       and  the  burners.  weight.  minutes.                               Remarks. 

ctM-                   Mgs.  Mgs.  r  Heat  below  that  of 

1.  15.5                   2.0  i.o  ■<      four  SDCceeding 

(     experiments. 

2.  12.5  I.I  0.55  Gooa   white  heat 

T^  ..  r.Q  r.  .r^  /  Heat  higher  than 

3-  10.5  0.8  0.40  I     in  No  2. 

4-  8.5  0.5  0.25 

^  ^^  i  Heat  as  high  as  in 

5.  7.5  0.5  0.25  I      j^^   3 

Heat  lower  than  in 
No.  5.  Seemed 
about  the  same 
as  in  No.  i. 


6.  6.5  0.5  0.25 


In  these  experiments  the  loss  in  weight  varied  so  much  more 
with  the  position  in  the  flame,  than  with  the  temperature,  tlyit 
the  latter  relation  is  entirely  masked. 

In  all  cases,  where  the  wires  lost  weight,  when  heated  by 
electricity  in  air  or  oxygen,  mirrors  were  produced  on  the  gkss 
tube. 

« 

In  Experiment  No.  12,  table  A,  the  deposit  was  removed  by 
aqua  regia ;  only  part  of  it  dissolved  at  first  in  concentrated  aqua 
regia,  just  as  Nahrwold  observed.  The  solution  was  filtered 
from  the  insoluble  part,  precipitated  by  ammonium  chloride, 
and  the  precipitate  ignited.  The  residue  weighed  56.3  milli- 
grams. The  insoluble  portion  was  ignited  and  found  to  weigh 
56.4  milligrams.  After  ignition  this  residue  dissolved  in  con- 
centrated aqua  regia.  A  further  black  precipitate  was  obtained 
from  the  alcoholic  filtrate  from  the  precipitation  of  the  first  aqua 
regia  solution,  which  weighed  1.3  milligrams.  Hence,  if  it  is 
assumed  that  the  mirror  and  these  three  fractions  had  about  the 
same  composition  there  were  recovered  in  all  114  milligrams  out 
of  130.3  milligrams.  Some  of  the  deposit  lay  on  the  platinum 
supports,  and  could  not  be  recovered. 

The  behavior  of  the  aqua  regia  solutions  was  very  different 
from  that  of  130  milligrams  of  the  original  wire. 

These  experiments  show  that  the  loss  of  weight  of  commercial 
platinum  heated  by  the  electric  current  or  before  the  blast-lamp, 
is  due  to  the  chemical  action  of  oxygen,  that  certain  elements 
are  fractioned  out  of  the  impure  platinum  and  that  the  loss  of 
weight  is  not,  as  has  been  suspected,  due  to  the  use  of  "water- 
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gas",  except  in  so  far  as  this  gas  is  likely  to  give  a  hot  and 
strongly  oxidizing  flame,  when  used  in  burners  having  an  air 
supply,  designed  ior  a  gas  requiring  more  oxygen. 

The  behavior  of  platinum  when  heated  under  the  last  five 
conditions  may  be  explained  by  the  hypothesis  that  a  volatile 
oxide  of  platinum  is  formed,  stable  at  high  and  low  temperatures, 
but  unstable  at  intermediate  temperatures,  like  the  platinous 
chloride  (Pt  Cl^)  of  Troostand  Hautefeuille.' 

If,  as  is  the  case  in  the  blast-flame,  the  compound  is  swept 
away  or  if,  as  in  the  porcelain  furnace  in  the  combustion  tube 
and  with  the  heated  wire,  there  is  no  cooler  part  of  the  platinum, 
upon  which  the  metallic  product  of  the  decomposition  of  the 
hypothetical  oxide  can  settle,  the  platinum  loses  weight.  If  on 
the  contrary  the  flame  is  a  quiet  one,  as  is  the  case  when  a 
crucible  is  heated  in  a  Bunsen  flame,  and  only  a  part  of  the  metal 
is  very  strongly  heated,  the  hypothetical  oxide  decomposes  at 
once  on  emerging  from  the  most  strongly  heated  zone  and  the 
platinum  is  deposited  on  the  cooler  part  of  the  crucible,  pro- 
ducing the  molecular  change  of  the  surface,  without  gain  or  loss 
of  weight,  noticed  by  Erdmann  and  Crookes. 

It  is  hoped  to  continue  this  work  in  this  laboratory,  to 
examine  the  deposit,  to  test  the  behavior  of  purer  platinum,  to 
try  to  isolate  the  hypothetical  oxide  and  to  fix,  if  possible,  the 
conditions  under  which  commercial  platinum  may  be  heated  to 
whiteness  without  loss. 

Laboratory  op  Analytical  Cbbmistry, 

HAVBlf  RYBR  CHBMICAL  LABORATORY, 

New  York  Uivivbrsity,  June,  1900. 
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INTRODUCTION. 

VILLIERS'  recommended  some  time  ago  a  method  for  the 
qualitative  separation  of  nickel  and  cobalt  based  on  the 
action  of  hydrogen  sulphide  on  an  alkaline  solution  of  the  tartrates 

1  Compt.  rend.,  84*  946  (1877). 

*  Ihid.^  119,  ia63,  and  lao,  46  (1894-95). 
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of  these  metals.  This  method  as  commonly  carried  out  may  be 
stated  as  follows :  The  solution  of  the  sulphides  of  nickel  and 
cobalt  in  aqua  regia  is  evaporated  to  expel  chlorine,  and  after 
suitable  dilution  sufficient  tartaric  acid  is  added  to  prevent  pre- 
cipitation by  sodium  hydroxide.  This  last  reagent  is  then 
added  until  the  solution  is  strongly  alkaline,  and  hydrogen  sul- 
phide run  in  to  saturation.  Cobalt  sulphide  is  precipitated, 
while  nickel  sulphide  remains  in  solution,  imparting  to  the 
solution  a  dark  color.  When  nickel  is  present  only  in  very 
small  quantities  the  color  is  brown;  with  larger  quantities  it  is  a 
jet  black. 

The  failure  of  this  method  to  give  good  results  in  the  hands 
of  students,  has  led  to  a  critical  investigation  of  it,  the  results  of 
which  are  given  in  the  following  pages.  In  order  to  be  able  to 
approach  this  subject  intelligently  this  account  will  be  preceded 
by  an  account  of  an  investigation  into  the  nature  of  some  tar- 
trate solutions  of  nickel  and  cobalt,  together  with  a  description 
of  any  such  tartrates  which  it  has  been  found  possible  to  isolate. 

All  substances  before  being  analyzed  were  dried  in  an  air-bath 
at  120°. 

Nickel  and  cobalt  were  always  determined  electrolytically 
following  in  most  respects  the  method  of  Presenius  and  Berg- 
mann/  which  may  be  outlined  as  follows  :  To  the  solution  con- 
taining nickel  or  cobalt,  which  is  free  from  chlorides,  are  added 
100  cc.  ammonia  solution  (sp.  gr.  0.96)  and  10  cc.  of  a  solution 
of  ammonium  sulphate  (305  grams  to  liter).  A  current  from 
two  storage  battery  cells  (3.2  volts,  0.48  ampere)  was  passed 
through  the  solution  for  from  four  to  five  hours.  This  length 
of  time  was  found  to  be  sufficient  to  effect  complete  precipitation 
of  the  metal  (quantities  not  exceeding  o.  1 100  gram),  provided 
tartrates  were  absent.  It  wad  necessary,  however,  to  determine 
these  metals  frequently  in  the  presence  of  tartrates.  In  such 
cases  the  amount  of  metal  deposited  at  the  end  of  four  or  five 
hours  was  weighed,  removed  from  the  electrode,  and  the  appa- 
ratus then  reconnected  and  left  running  all  night.  The  results 
were  then  very  satisfactory. 

Potassium  was  determined  as  sulphate.     After  removing  the 
nickel  either  by  precipitation  as  sulphide  or  by  electrolysis,  tar- 

>  Ztschr.  anai.  Chtm.,  19,  314  (1880). 
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taric  acid  was  destroyed  by  gentle  ignition,  and  the  potassium 
then  converted  into  sulphate  by  heating  with  ammonium 
sulphate. 

TARTRATES  OP  NICKEL. 

The  effect  of  tartaric  acid  in  preventing  the  precipitation  of 
the  hydroxides  of  nickel  and  cobalt  has  been  known  since  the 
time  of  Rose/  and  since  then  has  been  frequently  discussed. 
The  literature  on  the  preparation  of  well-defined  tartrates  of 
these  metals  is,  however,  rather  meagre. 

That  nickel  tartrate  cannot  be  precipitated  from  solutions  of 
nickel  salts  is  well  known.  Werther*  prepared  it  by  saturating 
a  boiling  solution  of  tartaric  acid  with  freshly  precipitated  nickel 
hydroxide.  The  substance  was  thrown  down  as  a  pale  green 
powder  practically  insoluble  in  hot  or  cold  water,  but  soluble  in 
warm  alkalies.  This  has  been  essentially  confirmed.  The  pre- 
cipitate is  apparently  amorphous,  although  Werther  considered 
it  crystalline.  The  filtrate  is  still  colored  green,  showing  that 
precipitation  is  incomplete,  but  what  is  precipitated  is 
extremely  insoluble  in  water.  The  substance  washed  and  dried 
at  120°  yielded  28.44  P^r  cent,  nickel.  The  theoretical  per- 
centage of  nickel  in  NiC^H^Og  is  28.39.  This  substance  dis- 
solves readily  in  alkalies,  only  when  they  are  present  in  large 
excess.  To  effect  solution,  considerably  more  potassium 
hydroxide  is  required  than  a  quantity  equivalent  to  the  nickel 
tartrate  ;  that  is,  more  than  two  molecules  potassium  hydroxide 
to  one  nickel  tartrate,  and  the  action  is  greatly  accelerated  by 
heating.  The  behavior  of  this  nickel  tartrate  toward  atmos- 
pheric moisture  is  worthy  of  remark.  The  precipitated  powder 
dried  at  50''  still  Contains  moisture.  In  this  condition,  however, 
it  neither  deliquesces  nor  effloresces,  'the  moisture  content 
remaining  constant.  On  the  -other  hand  no  definite  hydrate 
seems  to  exist,  for  different  samples  on  drying  at  120^  were 
found  to  contain  different  percentages  of  residual  water.  Fur- 
thermore, the  water-free  substance  is  not  in  the  least  hygro- 
scopic. When  exposed  under  a  bell- jar  to  an  atmosphere  satu- 
rated with  moisture,  it  does  not  gain  in  weight  more  than  a 
milligram  or  two  in  several  weeks.     Nickel  tartrate  can  he  made 

1  Gilbert's  AnnaUn^  73,  74,  foot-note  (1823). 
^J.pruki.  Chem.,  3a,  400  (1844). 
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equally  well   by  treating  a  hot   solution   of  tartaric  acid  with 
nickel  carbonate. 

Presenius^  prepared  a  hydrated  racemate  of  nickel  from  nickel 
acetate  and  racemic  acid.  It  resembles  nickel  tartrate  in  some 
of  its  characteristics  but  was  not  further  investigated. 

If  freshly  precipitated  nickel  hydroxide  is  treated  with  cold 
dilute  tartaric  acid,  the  nickel  hydroxide  dissolves,  imparting  to 
the  solution  a  green  color,  probably  due  to  the  formation  of  nickel 
tartrate.     On    warming  this    solution  the  light  green  powder 
mentioned  above  precipitates.     To  determine  the  molecular  size 
of  the  substance  in  solution,  a  solution  was  prepared  by  treating 
an  excess  of  nickel  hydroxide  with  a  known  quantity  of  tartaric 
acid,  and  then  finding  the  freezing-point  of  the  resulting  solution. 
The  reaction  between  nickel  hydroxide  and  tartaric  acid  is  very 
slow,  so  that  after  five  days'  standing  free  tartaric  acid  was  still 
present  in  sufficient  quantity   to  redden  blue  litmus  paper,  2  or 
3  milligrams  of  the  acid  being   uncombined.     This  was  not 
sufficient  to  influence  materially  the  results  which  follow.    The 
apparatus  employed  for  the  freezing-point  determinations  was 
Beckmann's   improved   form,^  and   is  particularly   designed  to 
exclude  moisture  from  the  solution  during  the  process.    This 
is  accomplished  by  operating  the  stirrer  by  means  of  an  electro- 
magnet, thereby  obviating  the  necessity  of  having  a  hole  through 
the  stopper  for  the  stirring  shaft.     Since  aqueous  solutions  were 
used  in  these  experiments,  the  exclusion  of  moisture  made  very 
little  difference,  but  this  form  of  apparatus  has  other  advantages. 
It  is  exceedingly  convenient,  requiring  the  operator's  attention 
only  for  a  few  minutes  at  the  time  of  freezing,  and  besides  the 
regularity  of  stirring  insures  greater  accuracy.  Individual  deter- 
minations of  the  freezing-point  of  the  same  substance  did  not 
vary  more  than  0.002**.     Five  cells  of  a  storage   battery  were 
used  to  supply  power  for  the  electromagnet.     Table  i  gives  the 
results  with  solutions  of  nickel  tartrate  prepared  as  indicated 
above.     The  last  four  are  with  different  concentrations  of  the 
same  solution.     The  strength  of  such  solutions  was  always 
determined  by  precipitating  the  nickel  in  an  aliquot  portion  by 
electrolysiif. 

^  Ann.  Chem.  (Liebig),  41,  23  (184a). 
£  Ztschr. pkys,  Ckem.^  si,  239  (1896). 


J 


SULPHIDES  OP   NICKEL  AND   COBALT.  505 

Table  i. 

Amount  NiCAH^Oa 

in  100  cc.  solution.  Apparent 

Grams.  Depression.  Molecular  weight. 

1.8795  0.139°  260 

1.7205  0.121°  273 

0.8602  0.081°  202 

0.4301  0.042°  193 

0.2150  0.025°  163 

Molecular  weight  of  NiC4H40j  =  206.8. 

In  the  case  of  the  more  concentrated  solutions  these  results 
show  the  molecular  weight  calculated  from  the  lowering  of  the 
freezing-point  to  be  higher  than  that  calculated  from  the  formula. 
One  would  expect,  however,  the  reverse,  because  of  dissociation 
in  aqueous  solution.  By  the  freezing-point  method  Kahlenberg 
has  shown  the  apparent  molecular  weight  of  potassium  tartrate 
in  solutions  of  moderate  strength  to  be  about  one-half  that  cal- 
culated from  the  formula,  K^C^H^O,.^  These  facts  lead  to  the 
conclusion  that  nickel  tartrate  exists  in  fairly  concentrated  solu- 
tions largely  in  the  form  of  double  molecules. 

Determinations  of  the  electrical  conductivity  of  these  solutions 
show  abnormal  results  also.     In  Table  2,  m  is  the  fraction  of  a 

gram-equivalent  (^NiC^H^Og)   in  a  liter;   L  is  the  equivalent 

* 

conductivity  expressed  in  reciprocal  ohms.' 

Table  2. 


Temperature 

i8". 

Temperature  25*. 

Nickel  Urtrate. 
m.                                  L. 

Magnesium  tartrate. > 
m.                                     L. 

0.1664 
0.0832 
0.0416 
0.0208 

8.29 

9-34 
10.8 

18.7 

0.03125 
0.0156 
0.0078 
0.0039 

54.9 

64.1 

74.0 
82.6 

0.0104 

26.5 

0.0020 

90.1 

0.0052 
0.0026 

36.8 
48.8 

O.OOIO 

95.9 

•  •  •  • 

0.0013 

63.6 

•  •  •  • 

The  values  of  the  conductivity  of  nickel  tartrate  are  excep- 
tionally small,  as  will  be  seen  by  comparing  them  with  the 
values  for  magnesium  tartrate,  which  illustrate  normal  conduc- 

1  Ztschr.pkys.  Chem.,  17,  585  (1895). 

3  These  units  are  those  proposed  by  Kohlrausch,  and  fully  described  in  "Leitrer- 
mogen  der  Elektrolyte,"  by  Kohlrausch  and  Holborn. 

s  Determinations  by  Walden,  Ztschr.  phys.  Chem.,  1.537  (1887),  recalculated  by 
Kohlrausch  and  Holborn. 
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tivities  of  tartrates  of  this   class.      The  different  behavior  of 

nickel  tartrate  can  only  be  ascribed  to  a  peculiar  constitution  of 

the  salt  itself.     In  seems  reasonable  to  suppose  that  a  substance 

COONiOOC 

I  I 

CHOH        CHOH 

with  the  atoms  arranged  in  this  way  |  |  might 

CHOH       CHOH 

I  I 

COONiOOC 

well  suffer  less  dissociation  than  a  normal  tartrate.  Dissociation  in 
concentrated    solutions    would    probably    be   of    the    nature, 

Ni  and  C^H^O.NiC^H^O..  On  dilution  this  anion  itself  woold 
gradually  be  decomposed,  so  that  the  conductivity  would  not 
advance  with  the  same  regularity  as  it  does  in  the  case  of  simple 
binary  electrol3rtes.  In  Table  2,  the  results  with  nickel  tartrate 
show  such  behavior,  as  is  seen  by  comparison  with  the  value  for 
magnesium  tartrate.  Such  a  formula  as  the  above  will  also 
explain  very  satisfactorily  the  results  obtained  from  the  freezing- 
point  method.  Measurements  of  the  electromotive  forces  with 
solutions  of  this  kind  will  not  be  given,  until  the  facts  relating 
to  some  other  tartrates  of  nickel  have  been  discussed. 

Fabian'  prepared  potassium  nickel  tartrate  by  allowing  cream 
of  tartar  to  act  on  nickel  carbonate  at  a  temperature  of  about  50°. 
On  evaporating  the  solution  obtained  over  sulphuric  acid  a 
greenish  substance  was  deposited,  which  effloresced  on  exposure 
to  air  and  was  soluble  in  water.  After  drying  this  substance  at 
no''  and  analyzing,  he  obtained  the  following  results  : 


Pound. 
Per  cent. 
16.8 

Theory  for  NiK,CaHiOit- 
Pcr  cent. 

17.3 

20.9 

21.7 

NiO 

K.,0 

This  work  has  been  repeated  with  essentially  the  same  results. 
Cream  of  tartar  was  allowed  to  stand  in  contact  with  an  ezciss 
of  nickel  carbonate  at  about  40°  for  some  time.  The  green  solo- 
tion  was  filtered  off,  and  left  to  evaporate  over  sulphuric  acid. 
No  definite  crystals  were  obtained,  neither  by  evaporatiflg 
rapidly  in  a  partial  vacuum  nor  slowly  in  the  air  with  a  string. 

The  residue  was  invariably  of  a  scaly  appearance  possessicg 

^  Ahh.  Chem.  (Liebig),  103,  248  (1857). 
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a  very  light  green  color.     The  results  of  the  analysis  of  this 
substance  are : 


K. 
Ni 


Pound. 
Per  cent. 

Theory  for  K^NiCgHeO,, 
Per  cent. 

18.21 

x8.o6 

13.38 

13.55 

According  to  Fabian,  on  boiling  a  solution  of  this  substance 
a  gelatinous  mass  separates  out,  which  cannot  be  washed  com- 
pletely free  from  alkali.  This  has  been  found  to  be  true,  the 
precipitate  being  rather  flocculent  and  of  a  very  light  green 
color.  If,  however,  a  solution  of  potassium  nickel  tartrate  is 
digested  for  some  time  at  about  75^,  a  light  green  pulverulent 
precipitate  can  be  obtained,  which  was  supposed  to  be  a  basic 
tartrate  of  nickel.  After  washing  it  thoroughly  and  drying  at 
120^,  analysis  proved  it  to  be  identical  with  the  insoluble  nickel 
tartrate  already  described,  a  sample  yielding  28.25  per  cent, 
nickel.  On  long  standing  this  decomposition  takes  place  grad- 
ually at  lower  temperatures.  It  is,  therefore,  necessary  to  exer- 
cise care  in  the  preparation  of  potassium  nickel  tartrate,  for,  if 
tartaric  acid  is  digested  for  a  long  time  with  nickel  carbonate, 
some  of  the  potassium  nickel  tartrate  formed  is  apt  to  decompose 
in  this  manner  : 

Insoluble  form. 

K,NiC,H,0„  =  NiC.H.O.  -|-  K,C.H,0,. 

# 

When  the  solution  is  filtered,  the  potassium  tartrate  passes 
through  with  the  potassium  nickel  tartrate,  and  remains  mixed 
with  it  on  evaporation.  This  is  revealed  by  the  percentage  of 
potassium  being  too  high  and  that  of  nickel  too  low  to  correspond 
to  the  formula  K,NiC8H,0„. 

Determinations  of  the  molecular  weight  of  this  substance  were 
made  by  means  of  the  freezing-point  method.  For  this  purpose 
different  solutions  were  employed, — some  prepared  as  above 
described,  some  by  dissolving  the  solid  substance  in  water,  and 
others  by  dissolving  nickel  hydroxide  in  the  proper  amount  of 
tartaric  acid  and  adding  that  quantity  of  potassium  hydroxide 
just  sufficient  to  form  K^NiCgH^Oj,.     The  results  follow  : 
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Tabids  3. 

Amount 
K^NiCsH.Oi, 


in  100  cc.  Apparent 

solution.  Depres-        molecular 

Grams.  sion.  weight. 


Solution    prepared    direct  from  ffZ5^  2:tif  itl 

NiCO,  and  HKCH.O.    j  ^'^^  °-^55  140 

i.  t^ws  «iivt  i.x^v,4i..i4vye  i  0.941  0.170  105 

Solid     substance    dissolved    in  f  3.752  0.430  165 

water \1.876  0.253  '4° 

r3-295  0.419  153 

SolutionpreparedfromNi(0H)2,  J  1.6475  0.246  12S 

H2C4H40e  and  KOH /  0.8238  o.  139  112 

1 0.41 19  0.079  98 

Molecular  weight  of  Kj^^Q^gOu  =  433* 

It  is  essential  to  know  something  about  the  dissociation  0! 
this  substance  before  one  can  judge  intelligently  of  its  true 
molecular  size.  To  throw  light  on  this  subject  the  electrical 
conductivity  of  a  solution  of  potassium  nickel  tartrate  was 
measured.  The  equivalent  conductivity  is  given  on  the  basis  of 
one  potassium  atom  (^  molecule  K,NiCgHgO„  in  a  liter). 

Tabi«r  4. 

Temperature  i8°.  Temperature  25". 

Potassium  nickel  tartrate.  Sodium  tartrate.^ 

tH,  1^.  ttt,  L«. 

0.1522  74.6  

0.0761  84.3  

0.0381          94.2  0.03125  87.1 

0.0190  loi  0.0156  93.2 

0.0095  114  0.0078  98.2 

0.0048  124  0.0039  102. 1 

The  conductivity  of  the  double  tartrate  is  increasing  with  the 
dilution  much  faster  than  that  of  the  sodium  tartrate.     This  \s 

undoubtedly  due  to  the  dissociation  of  potassium  nickel  tartrate 

-I-  

mostly  into  K  ions  and  NiCgHgO,,  ions  in  the  more  concentrated 

solutions.  On  dilution,  however,  the  nickel  also  begins  to  dis- 
sociate from  the  complex  anion,  thus  causing  the  rapid  increase 
in  the  conductivity.  For  corresponding  concentrations  the  con- 
ductivity of  the  double  tartrate  always  exceeds  that  of  the 
sodium  tartrate. 

Kahlenberg,*  in  his  article  on  complex  tartrates  of  lead  and 

1  The  conductivity  of  sodium  tartrate  is  given  for  comparison.   The  results  are  those 
of  Bredig,  Ztschr.phys.  Chem.^  13,  191  (1894),  recalculated  by  Kohlrausch  and  Holbom. 
3  Ztschr.phys.  Chem.^  17,  577  (1895). 
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copper,  found  that  these  substances  were  probably  dissociated 
sufficiently,  so  that  the  apparent  molecular  weight  was  about 
one  half  the  true  molecular  weight.  The  solutions  of  potassium 
nickel  tartrate  used  here  were,  however,  a  little  more  dilute  than 
Kahlenberg's  solutions  ;  besides  the  substances  are  somewhat 
different  in  nature.  '  Table  3  shows  the  apparent  molecular 
weight  to  be  only  a  little  more  than  ^  of  the  molecular 
weight  of  KjNiCgHgOi,.  This  may  be  accounted  for  on  two 
hypotheses  ;  either  the  substance  is  in  large  part  dissociated  into 

K,  K  and  NiCgHgOi^  ions  as  was  indicated  in  connection  with 
the  conductivity  measurements,  or  there  exist  separately  in  the 
solution  potassium  tartrate  and  nickel  tartrate,  the  former  dis- 
sociated, the  latter,  however,  not.  The  evidence  seems  to  favor 
the  former  of  these  hypotheses.  For,  if  the  second  were  correct, 
one  would  expect  the  deposit  left  on  evaporation  of  the  solution 
not  to  have  a  uniform  composition.  But  the  deposit  on  the  side 
of  the  dish  was  of  the  same  composition  as  that  on  the  bottom. 
Furthermore,  washing  the  deposit  slightly  with  water  had  no 
effect  on  its  composition.  If  the  substance  had  been  a  mixture 
of  potassium  tartrate  and  nickel  tartrate,  this  treatment  would 
very  likely  dissolve  more  of  the  former  salt  than  of  the  latter. 

The  fact  that  the  addition  of  tartaric  acid  to  solutions  of 
nickel  salts  prevents  the  precipitation  of  nickel  hydroxide  is 
usually  explained  by  the  supposition  that  in  such  cases  the 
nickel  replaces  the  hydrogen  atoms  of  the  alcoholic  hydroxyls 
of  the  tartaric  acid,  while  the  potassium  takes  the  place  of  the  two 
carboxyl  hydrogen  atoms.  The  formula  of  such  a  substance 
COOK 

I 
CHO 

would  be    I        >Ni.     To  see  if  any  experimental  basis  can  be 

CHO 

I 
COOK 

found  for  this  view,  solutions  of  nickel  tartrate,  to  which  potas- 
sium hydroxide  had  been  added,  were  investigated  by  the  usual 
physico-chemical  methods. 

The  freezing-point  method   was  first  employed  in  order  to 
observe  the  effect  on  the  size  of  the  molecule  of  successive 
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additions  of  potassium  hydroxide'  to  a  solution  of  nickel  tartrate. 

Tabids  5. 

Solution  containing  1.8795  grams  nickel  tartrate  in  100  cc. 

KOH  added  to 
Ezpt.  above  aolution. 

No.  Gram.  Depression.  Remarks. 

1  0.0000  o-i39°  •  Reaction  acid. 

2  0.1226  0.180  Reaction  alkaline. 

3  0.3270  0.187 

4  0.5314  0.134 

5  0-7358  0.180  Solution  jelly-like. 

6  0.8175  0.156 

7  1.3"  0-233 

In  Experiment  7,  the  quantity  of  potassium  hydroxide  is  jnst 
suflScient  to  form,  with  the  nickel  tartrate,  K,NiC^H,0,.  In  the 
fourth  the  depression  is  a  minimum,  and  here  the  amount  of 
potassium  hydroxide  added  is  nearly  one  half  that  added  in  the 
seventh,  or  the  ratio  is  about  one  molecule  potassium  hydroxide 
to  one  nickel  tartrate.  If  the  molecular  weight  is  calculated 
from  the  depression,  0.134*,  on  the  basis  of  NiKC^HjOe  existing 
in  solution,  299  is  obtained.     The  molecular  weight  according 

*  to  the  above  formula  is  in  .round  numbers  245.     This  case  is 
almost  exactly  parallel  to  the  results  obtained  by  Kahlenberg* 

•  with  certain  alkaline  tartrate  solutions  of  lead  and  copper.  So 
undoubtedly  the  molecular  size  of  the  substance  here  is  about 
twice  that  represented  by  the  formula  NiKC^HjO,,  and  following 
Kahlenberg  the   molecular  structure  may   be   represented   as 

COOK  KOOC 


CHOH  HOHC 

follows :    I  I  .      Such   a  substance  would 

CHOH  HOHC 

I  I 

COO— Ni— O— Ni— OOC 

hardly  be  expected  to  dissociate  so  as  to  yield  nickel  ions.  The 
evidence  for  such  a  molecular  structure  would,  therefore,  be 
increased,  if  it  could  be  shown  that  no  nickel  ions  exist  in  the 
solution. 

For  this  purpose  measurements   were  made   of  the  electro- 
motive force  generated  by  an  element  with  nickel  electrodes,  one 

1  Sodinm  hydroxide  was  also  employed .  but  since  the  results  are  similar,  only  thoie 
with  potassium  hydroxide  are  fiven. 
a  Lo(.  cit. 
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electrode  being  surrounded  by  a  solution  of  a  nickel  salt  of 

known  concentration  and  the  other  surrounded  by  the  solution 

in  question.     The  electromotive  force  of   such  an  element  is 

expressed  by  the  formula, 

RT    ,      c, 

nE,  c, 
where  the  letters  indicate  the  usual  quantities,  c^  and  c^  bein^  the 
concentration  of  the  nickel  ions  in  the  two  solutions.  Eval- 
uating the  equation  for  R  =  8.31 1  electrical  units,  T  =  291  (18** 
C),  «,  the  valence  of  nickel  =  2,  Ep  =  96,540  coulombs,  and 
reducing  to  Briggs'   system  of  logarithms,   one  obtains, 

n  =  0.02881  log  -—  . 

Measurements  were  made  according  to  the  Poggendorf-Ostwald 
method  with  a  Lippmann  capillary  electrometer.  The  nickel 
solution  of  constant  concentration  was  in  every  case  a  solution 
of  nickel  nitrate  containing  o.  i  gram-molecule  in  a  liter.  The 
electrodes  were  made  by  covering  platinum  electrodes  with 
nickel  by  electrolysis.  These  electrodes  were  tested  by  connect- 
ing them  with  an  electrometer,  when  they  were  dipping  into  the 
same  solution  of  nickel  nitrate.  Under  these  conditions  the 
electrometer  reading  should  be  zero.  Few  electrodes,  however, 
could  be  found  which  would  fulfil  this  condition.  Those  chosen 
showed  potential  differences  of  not  more  than  0.003  volt.  Meas- 
urements were  made  first  of  the  electromotive  forces  between 
the  standard  solution  and  solutions  of  nickel  nitrate  containing 
0.05  and  o.oi  gram-molecule  in  a  liter,  respectively,  and  after- 
wards with  the  solutions  of  nickel' tartrate  under  consideration. 
In  each  case  the  electrodes  were  reversed  and  the  potential  differ- 
ence measured  again.  The  averages  of  the  two  readings  so 
obtained  are  given  in  Table  6. 

Table  6. 
Temperature  18^. 

observed,     calculated. 
No.  Between  0.1  mol.  Ni(NOt)s  and  Volt.  Volt. 

1  0.05     mol.  Ni(NOj)2  o.oio  0.0087 

2  O.OI  *•  "  0.032  0.0288 

3  0.0208      *•  (NiC4H^0e),  0.048  

4  0.0761      *'  NiKjCgHgOia  0.075  

5  0.0572      **  KC4H40eNiONiOeH4C4Kj,  0.210  

6  0.0748      *  •  KaNiC^HjOa  0.236  
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Where  the  concentration  of  the  nickel  ions  was  known  the 
electromotive  force  has  been  calculated  from  the  formula.  The 
agreement  is  seen  to  be  fairly  good.  Nos.  3  and  4  are  measu^^ 
ments  with  the  solutions  already  mentioned  of  nickel  tartrate  and 
potassium  nickel  tartrate,  respectively.  The  potential  dififerences 
show  that  the  concentration  of  the  nickel  ions  in  these  solutions 
is  somewhat  less  than  in  a  o.oi  mol.  solution  of  nickel  nitrate. 
Fewer  nickel  ions  are  present  in  the  potassium  nickel  tartrate 
solution  than  in  the  solution  of  nickel  tartrate,  which  was  to  be 
expected,  for  the  same  reason  that  the  replaceable  hydrogen  atom 
of  an  acid  salt  is  only  very  slightly  dissociated.^ 

To  find  the  concentration  of  the  nickel  ions  in  solution  5,  which 
is  the  one  formed  by  addingto  100  cc.  of  a  solution  containing  18.795 
grams  of  nickel  tartrate,  0.5314  gram  of  potassium  hydroxide/ 
0.210  is  substituted  for  n  in  the  formula  and  c^  is  made  eqnal  to 
0.1  X  0.8,  for  0.1  mol.  nickel  nitrate  is  about  80  per  cent,  dis- 
sociated. From  this  the  value  of  r,  is  found  to  be  io"~*'*386.  This 
shows  that,  relatively  speaking,  no  nickel  ions  are  in  the  solu- 
tion, which  is  corroborative  evidence  of  the  existence  of  the 
molecular  structure  ascribed  to  this  substance  on  page  510. 

Referring  to  Table  5,  it  will  be  noticed  that  the  depression 
gradually,  increases  with  the  addition  of  potassium  hydroxide 
from  the  fourth  experiment  to  the  seventh,  except  in  No.  5.  In 
this  case  the  contents  of  the  tube  were  viscous  having  the  con- 
sistency of  thin  jelly,  which  interfered  materially  with  the 
determination.  This  gelatinous  mass  completely  dissolved  od 
addition  of  more  potassium  hydroxide.  The  appearance  of  this 
substance  is  peculiar.  The  green  liquid  simply  solidifies  to  a 
transparent  mass  without  any  change  in  appearance.  On 
reversing  the  tube  containing  the  substance  it  is  found  to  be 
solid  or  viscous  according  to  the  amount  of  water  present, 
and  this  is  the  only  evidence  of  a  change.  On  standing  for  a 
length  of  time  it  gradually  becomes  opaque.  Several  years  ago 
this  phenomenon  was  observed  by  Professor  Bradley,  of  Middl^ 
town,  who  called  my  attention  to  it  at  that  time.  He  obtained 
it  by  adding  first  tartaric  acid  to  a  solution  of  nickel  sulphate 
and  then  adding  a  solution  of  potassium  hydroxide  drop  by  drop 

1  For  the  discussion  of  this,  see  Ostwald  :  Ztschr,  phys.  Ckem.,  g,  553  (1892). 

2  See  Table  5. 
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until  the  mass  gelatinized.  As  can  be  seen  from  Table  5,  it  is 
formed  when  about  one  molecule  of  nickel  tartrate  is  treated 
with  one  molecule  of  potassium  hydroxide.  It  was  shown 
just  before  the  solution  gelatinized  (experiment  4,  Tables), 
that  from  the  depression  of  the  freezing-point  and  other  consider* 
ations  the  molecule  probably  is  KC,H,0,NiONiOeH,C,K.  It  is, 
therefore,  possible  that  this  gelatinous  mass  is  a  hydrated  form 
of  that  substance.  Heating  almost  to  the  boiling-point  com- 
pletely dissolves  it.* 

To  return  to  the  effect  on  the  depression  of  the  freezing-point 
of  adding*  potassium  hydroxide,  as  seen  in  Table  5  from  Experi* 
ment  4  on.  Leaving  out  of  consideration  No.  5,  where  the 
solution  was  viscous,  the  increase  in  the  depression  from  0.134° 
to  o.  156''  and  in  the  last  case  to  0.233°  i^  ^7  °o  means  sufficient 
to  be  equal  to  the  entire  effect  of  the  potassium  hydroxide 
added,  if  it  existed  as  such  in  the  solution.  0.4935  gram  more 
of  potassium  hydroxide  was  added  in  Experiment  No.  7  than  in 
No.  6.  This  quantity  of  potassium  hydroxide  should  give 
normally  a  depression  of  o.i2i°i*'  but  the  difference  between 
0.233°  and  0.156°  is  only  0.077°.  1°  No.  7  the  proportion  of 
potassium  hydroxide  to  nickel  tartrate  is  two  molecules  of  the 
former   to  one  of  the  latter,   or  in   the  proper  ratio  to   form 

KOOC 

I 
OCH 

Ni<      I      ,  the  molecular  weight  of  which  is  283.    The  apparent 

OCH 


KOOC 

« 

1  Since  writiogthis.  Prof.  Bradley  has  kindly  allowed  me  to  look  over  an  unpub- 
lished manuscript  by  himself  and  F.  A.  Johnston  on  "A  Tartrate  of  Sodium  and 
Nickel,"  which  treats  of  the  formation,  conduct,  and  gives  some  results  of  the  analysis 
of  this  gelatinous  substance.  It  was  prepared  from  nickel  sulphate,  tartaric  acid,  and 
sodium  nydrozide.  It  was  isolated  by  stirring  it  up  in  alcohol,  filtering  and  then  wash- 
ing  with  an  equal  volume  of  alcohol  and  water,  '^hen  so  treated  the  gelatine  frequently 
remains  transparent  for  a  long  time.  It  was  found  difficult  to  dry  it  to  constant  weight 
over  sulphuric  acid,  for  it  is  exceedingly  hygroscopic.  Preliminary  analysis  of  the  sub- 
stance after  drying  over  sulphuric  acul  showed :  water,  7.04  per  cent.;  sodium,  6.30  per 
cent.;  nickel,  ai.04  per  cent  We  obtain  by  calculation  from  the  above  formula  plus  a 
molecules  of  water,  Na«Ni«C.H90it  +  aH^O :  water,  7.04  per  cent.;  sodium,  9.00  per 
cent.;  nickel,  23.95  per  cent.  The  most  marked  difference  between  these  results  and  the 
results  of  the  analysis  is  in  the  percentage  of  sodium.  This  may  be  accounted  for  from 
the  fact  that  the  gelatine  is  strongly  alkaline  and  that  washing  removes  some  of  this 
alkali,  so  that  the  residue  may  not  have  a  constant  composition.  However,  it  is  not 
assf  rted  that  the  above  formula  represents  the  composition  of  the  substance,  for  more 
analyses  are  needed  in  which  the  amount  of  tartaric  acid  is  also  determined,  before  the 
differences  in  the  above  results  are  explained  and  a  suitable  formula  established. 

*  Calculated  from  the  constant  for  potassium  hydroxide  reported  by  Raoult,  Ann. 
ckim.pkys.  (r).  j8,  137  (1883). 
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molecular  weight  calculated  from  the  depression,  0.233  is  185, 
which  is  a  little  more  than  half  that  calculated  from  the  fonnnla. 
Since  such  a  substance  would  probably  be  dissociated  in  aqueous 
solution  about  as  much  as  potassium  tartrate,^  it  is  very  likely 
that  a  substance  of  the  above  formula  does  really  exist  in  the 
solution.  Nickel  ions  would  not  be  expected  to  be  present  in 
any  quantity  in  a  solution  of  such  a  substance.  The  potential 
difference  found  between  this  solution  and  o.  i  mol.  nickel 
nitrate  is  0.256  volt  (No.  6,  Table  6).  This  shows  that  the  con- 
centration of  the  nickel  ions  is  even  less  than  in  the  preceding 
solution  (No.  5),  where  the  concentration  of  these  ions  was 
fotind  to  be  io~®-3«6^  What  has,  therefore,  probably  taken  place 
on  the  addition  of  potassium  hydroxide  from  solution  4  to  solu- 
tion 7,  Table  5,  is  that,  although  the  potassium  hydroxide  is 
continually  being  removed  from  the  field  of  action  as  such,  the 
molecular  structure  of  the  substance  in  solution  is  undergoing  a 
change;  that  is,  the  complex  molecule,  KQH^OjNiONiOjH^QK, 
is  breaking  up  into  the  smaller  molecule,  K^NiC^H^O^ ;  the 
number  of  molecules  is,  consequently,  on  the  whole  increased, 
and  the  depression  of  the  freezing-point  becomes  greater. 

TARTRATES  OF  COBALT. 

Very  little  literature  of  a  definite  nature  could  be  found  on 
this  subject.  A  tartrate  of  cobalt  and  a  double  tartrate  of 
potassium  and  cobalt  are  mentioned  in  the  following  dictionaries 
of  chemistry:  Fehling's,  Vol.  9  (1864)  ;  Watts',  Vol.  5  (1868); 
Wurtz's,  Vol.  3  (1878).  Nearly  all  the  early  journals  and  such 
periodicals  as  Berzelius*  /ahresberuhi,  Liebigand  Kopp's/ahm- 
bericht,  the  PharmaceuHsch^s  Centralblatt^  &c.,  were  thoroughly 
searched,  but  no  reference  was  found  to  the  original  articles 
describing  these  salts.  Such  works  as  Ladenburg's  Dictionary, 
edition  1894,  and  Beilstein's,  third  edition,  mention  no  such 
substances.  It  is,  therefore,  to  be  inferred  that  the  original 
article  contained  nothing  very  definite.  Fresenius'  prepared 
certain  racemates  of  cobalt,  but  gives  no  analyses. 

Cobalt  tartrate  can  be  made  in  the  same  manner  as  nickel 
tartrate,  by  saturating  hot  tartaric  acid  with  cobalt  hydroxide 

1  See  Kahlenbersr.  toe.  cit. 

s  Ann.  Chem.  (Uebig)',  41,  aa  (1842). 
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or  carbonate.  It  is  thown  down  as  a  pale  pink  powder  prac- 
tically insoluble  in  hot  or  cold  water,  and  possessing  in  general 
the  other  properties  of  nickel  tartrate.  A  sample  of  this  dried 
at  120**  gave  28.32  per  cent,  cobalt  (theory,  28.49  P^r  cent.). 

When  cobalt  hydroxide  is  treated  in  the  cold  with  tartaric 
acid  it  dissolves  to  a  certain  extent  a  pink  solution  resulting, 
which,  on  standing,  deposits  reddish  pink  crystalline  scales  of 
cobalt  tartrate.  This  crystalline  substance  difiFers  from  the 
cobalt  tartrate  just  described  by  being  somewhat  soluble  in 
water.  It  is  impossible  to  obtain  as  concentrated  solutions  of 
cobalt  tartrate  as  of  nickel  tartrate,  for  the  reason  just  mentioned, 
that  some  of  the  salt  crystallizes  out.  With,  however,  as  strong 
a  solution  as  could  be  obtained  the  following  determinations 
were  made  of  the  depression  of  the  freezing-point. 

Table  7. 

Amount  CoC4H40« 
in  100  cc.  solution.  Apparent 

Gram.  Depression.  molecular  weight. 

0.6505  0.059^  207 

0.3252  0.036  170 

0.1626  0.021  146 

Molecular  weight  of  CoC4H40e  —  207.1. 

These  results  run  about  the  same  as  those  obtained  with  solu- 
tions of  nickel  tartrate  of  similar  concentration.  The  apparent 
molecular  weight,  207,  is  very  nearly  equal  to  the  molecular 
weight  calculated  from  the  formula;  therefore,  for  the  reasons 
already  mentioned,  the  true  molecular  weight  of  .cobalt  tartrate 
is  probably  twice  207.1,  which  means  its  structure  would  be 
represented  by  twice  the  above  formula  or  (CoC4H40g)j.  Table 
8  gives  the  results  of  the  determination  of  the  electrical  con- 
ductivity of  solutions  of  this  substance.  Th^  units  are  on  the 
basis  of  equivalent  (^  CoC4H40e)  in  a  liter  as  before. 

Tabi^e  8. 

Temperature  i8*. 
tn.  •  Irf. 

0.0628  15.9 

0.0314  22.1 

0.0157  28.7 

0.0079  37.6 

0.0039  47.1 

0.0020  58.4 

o.ooio  69.9 

0.0005  82.1 
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These  results  are  entirely  analogous  to  the  conductivity  oi 
nickel  tartrate  (Table  2).  They  are  abnormally  small  and  show 
that  cobalt  tartrate  is  only  slightly  dissociated,  which  afiords 
additional  evidence  that  the  molecule  is  polymerized. 

Cream  tartar  acts  vigorously  on  cobalt  carbonate  in  the 
presence  of  water,  the  resulting  solution  being  colored  a  deep 
pink.  When  this  solution  is  evaporated  over  sulphuric  acid, 
reddish  pink  crystalline  scales  are  deposited,  very  similar  in 
appearance  to  the  deposit  from  a  solution  of  cobalt  tartrate. 
When  almost  to  dryness  the  solution  assumes  a  pasty  nature, 
and  can  be  completely  dried  only  with  considerable  difficulty. 
No  salt  of  the  formula,  KgCoCgHgO,,,  could  be  isolated.  The 
crystalline  deposit  just  mentioned  yielded  on  drying  24.53  per 
cent,  cobalt,*  and  a  small  quantity  of  potassium  was  also  found. 
The  deposit,  therefore,  consists  largely  of  cobalt  tartrate,  but  a 
small  amount  of  potassium  tartrate  is  mixed  with  it.  Watts' 
*' Dictionary,'*  and  the  others  above  cited,  say  that  potassio- 
cobaltous  tartrate  forms  large  rhomboidal  prisms.  No  such 
crystals  could  be  obtained  by  any  of  the  methods  used  here. 
Determinations  of  the  freezing-point  of  solutions  prepared  from 
cream  tartar  and  cobalt  carbonate  yielded  essentially  the  same 
results  as  similar  solutions  prepared  from  nickel  carbonate. 
Such  results  might  well  be  in  harmony  with  the  separate 
existence  in  the  solution  of  potassium  tartrate  and  cobalt  tar- 
trate, so  no  definite  knowledge  of  the  nature  of  the  molecules  in 
solution  could  be  obtained  by  this  method.  Heating  this  solu- 
tion causes  the  precipitation  of  a  light  pink  powder.  After 
washing  this  and  drying  at  120^,  28.38  per  cent,  cobalt  was 
found  which  showed  it  to  be  cobalt  tartrate.  This  substance 
possesses  all  the  properties  and  is  apparently  identical  with  the 
cobalt  tartrate  previously  mentioned.*  It  is  to  be  noted  that  the 
conduct  of  this  solution  on  heating  is  somewhat  different  from 
that  prepared  from  nickel  carbonate  and  cream  tartar,  for  a 
flocculent  precipitate  resulted  on  heating  this  latter  to  boiling. 

When  potassium  hydroxide  is  added  to  a  solution  of  cobalt 
tartrate  the  conduct  is  very  similar  to  that  when  it  is  added  to  a 
solution  of  nickel  tartrate.     It  differs,  however,  in  this  respect, 

1  The  theoretical  percentag^e  of  cobalt  according  to  formula  KsCoCgHaOxt*  is  'S-^'* 

2  That  prepared  by  treating  hot  tartaric  acid  with  cobalt  hydroxide. 
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that  when  the  quantities  of  potassium  hydroxide  and  cobalt  tar- 
trate are  in  the  proportion  of  one  molecule  of  the  former  to  one 
of  the  latter,  instead  of  obtaining  a  gelatinous  mass,  a  flocctdent 
precipitate  results,  which  readily  dissolves  on  further  addition  of 
potassium  hydroxide.  The  range  of  the  existence  of  this  pre- 
cipitate is  considerable ;  that  is,  it  begins  to  form  when  the 
amounts  of  the  two  substances  are  in  about  the  ratio  of  one-half 
molecule  of  potassium  hydroxide  to  one  of  cobalt  tartrate,  and 
does  not  entirely  disappear  until  the  potassium  hydroxide  is 
present  in  about  the  ratio  of  i^  molecules  to  i  of  the  cobalt  tar- 
trate. This  seriously  interfered  with  following  the  effect  on  the 
freezing-point  of  successive  additions  of  potassium  hydroxide  to 
cobalt  tartrate.  There  is  no  diflSculty,  however,  in  determining 
the  freezing-point  of  the  solution  when  the  potassium  hydroxide 
is  present  in  the  ratio  of  two  molecules  of  it  to  one  of  the  tar- 
trate ;  the  results  thus  obtained  are  given  in  Table  9. 

Tabids  9. 

Amount  CoC4H40«  Amount 

in  100  cc.  solution.  KOH  added. 

Gram.  Gram.  Depression. 

0.6505  0.0000  0.061° 

0.6505  0.4530  0.106 

If  the  molecular  weight  is  calculated  from  the  depression 
0.106**,  it  gives  159,  while  according  to  the  formula,  KjCoC^H^Oe, 
the  molecular  weight  is  283.3.  Owing  to  the  dissociation  which 
such  a  salt  would  suffer  in  aqueous  solution,  it  is  very  probable 
that  it  exists  here  in  the  solution,  and  that  it  is  due  to  its  forma- 
tion that  cobalt  hydroxide  cannot  be  precipitated  by  alkalies 
from  a  solution  of  a  cobalt  salt  to  which  tartaric  acid  has  been 
added.  The  precipitate  above  referred  to,  formed  when  the 
amount  of  potassium  hydroxide  added  to  the  cobalt  tartrate  is 
in  the  ratio  of  one  molecule  of  the  former  to  one  of  the  latter, 
was  filtered  off  and  washed  until  the  wash-water  was  no  longer 
alkaline.  It  was  then  dried  and  the  cobalt  in  it  determined.  In 
one  sample  the  percentage  of  cobalt  was  42.78  and  in  another 
38.04.  The  precipitate  has,  therefore,  no  definite  composition, 
but  undoubtedly  contains  some  cobalt  hydroxide,  for  no  con- 
ceivable tartrate  of  cobalt  has  as  great  a  percentage  of  cobalt  as 

was  found. 
5-22 
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SOLUBI^E   NICKEI.  SUI.PHIDE. 

It  is  evident  that  when  investigating  the  effect  of  an  alkaline 
tartrate  solution  in  preventing  the  precipitation  of  nickel  sul- 
phide by  hydrogen  sulphide,  it  is  desirable  to  exclude  the  pres- 
ence of  other  chemical  substances.  Tartaric  acid  and  sodium 
hydroxide  were,  consequently,  not  added  to  a  solution  of  a 
nickel  salt,  as  for  instance  the  chloride,  for  this  would  produce 
some  sodium  chloride,  whose  influence  on  the  precipitation  with 
hydrogen  sulphide  would  then  be  entirely  unknown.  Solutions 
of  pure  nickel  tartrate  were  prepared  as  has  already  been  indi- 
cated, and  to  this  the  alkali  and  hydrogen  sulphide  were  then 
added.  If  it  was  desired  to  note  the  effect  of  any  neutral  salt, 
as  sodium  chloride,  on  the  precipitation,  such  salt  was  added 
separately.  All  the  nickel  tartrate  used  was  made  from  nickel 
nitrate,  which  was  a  preparation  of  Schuchardt*s  and  was 
marked  *  'purissimumj*  *  According  to  Villiers,*  sodium  hydroxide 
is  more  effective  in  holding  nickel  sulphide  in  solution  than 
potassium  hydroxide.  Solutions  of  nickel  tartrate  were  treated 
with  one  equivalent  of  sodium  hydroxide,*  with  two  equivalenls 
of  sodium  hydroxide,  with  three  equivalents,  and  so  on. 
Hydrogen  sulphide  was  run  into  these  solutions  to  saturation 
and  the  solutions  filtered.  In  the  first  solution  nickel  sulphide 
was  precipitated  and  the  filtrate  was  only  slightly  colored,  in  the 
second  the  filtrate  was  a  decided  brown,  in  the  third  it  was  black, 
but  to  be  certain  that  no  nickel  sulphide  is  precipitated  it  is 
necessary  to  have  at  least  five  equivalents  of  sodium  hydroxide 
to  one  of  nickel  tartrate.  This  black  filtrate  oxidizes  with 
remarkable  rapidity,  which  is  shown  by  the  continual  separation 
of  sulphur.  It  is  apparently  the  sodium  sulphide  present, 
which  thus  suffers  oxidation^  but  what  is  peculiar,  is  that  the 
oxidation  is  more  rapid  than  ever  takes  place  in  a  solution  of 
sodium  sulphide  alone.  The  more  dilute  the  solution,  the  less 
marked  is  the  oxidation.  If  this  black  alkaline  solution  of 
nickel  sulphide  is  allowed  to  stand  for  an  indefinite  length  of 
time,  the  nickel  sulphide  gradually  precipitates,  so  that  in  from 
five  to  ten  days  the  supernatant  liquid  has  usually  become  dear. 

1  Compt.  rend.,  ztg,  1263  (1894). 

*  By  an  equivalent  of  sodium  hydroxide  is  meant  that  quantity  which  bears  a  ratio 
to  the  nickel  tartrate  used  of  3  molecules  NaOH  to  i  molecule  NiC4H«Ot. 
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This  settling  can  be  greatly  accelerated  by  the  presence  of  a 
neutral  salt,  as  sodium  chloride  or  potassium  sulphate,  the  time 
necessary  for  settling  varying  with  the  amount  of  such  salt 
added.  The  presence  of  a  large  quantity  of  these  salts  before 
the  introduction  of  hydrogen  sulphide  causes  a  large  portion  of 
the  nickel  sulphide  to  be  precipitated. 

The  behavior  of  this,  black  solution  of  nickel  sulphide  seemed 
to  indicate  that  it  is  not  a  true  solution,  but  colloidal  in  nature. 
To  decide  this  several  tests  were  applied.  With  a  high-power 
microscope  it  was  impossible  to  detect  solid  particles  of  any  sort. 
The  following  test  employed  by  Muthmann*  was  applied  :  It  con- 
sists in  treating  the  solution  in  question  with  a  solution  of  gum- 
arabic,  shaking  well,  and  then  adding  alcohol  to  precipitate  the 
gum.  If  the  substance  is  a  colloid,  it  is  precipitated  with  the  gum 
and  colors  it.  Before  applying  this  test  it  is  necessary  to  assure 
one's  self  that  alcohol  will  not  produce  a  precipitate  in  the 
original  solution.  In  this  case  if  the  alcohol  did  not  exceed  50 
percent,  of  the  total  liquid,  nothing  was  precipitated,  so  care  was 
exercised  not  to  add  more  than  this  amount.  The  gum  when 
precipitated  was  colored  black,  and  on  standing  a  few  hourd  the 
supernatant  liquid  became  clear.  The  alcohol  was  then  poured 
off,  and  the  residue  treated  with  water,  which  dissolved  it  up 
again,  the  solution  being  colored  black  as  before.  This  is  the 
typical  behavior  of  a  colloidal  substance.  TyndalPs  experiment 
applied  by  Picton'  to  solutions  of  antimony  and  arsenic  sulphides 
was  tried  with  this  solution.  The  method  employed  was  essen- 
tially this :  The  liquid  in  question  was  placed  in  a  small  bottle 
and  the  bottle  so  supported  that  the  rays  from  an  arc  light  could 
be  focused  directly  on  its  bottom.  The  light,  which  diffused 
from  the  side  of  the  bottle,  was  examined  through  a  nicol.  A 
colloidal  solution  of  arsenic  sulphide  was  first  examined  to  see 
that  the  apparatus  gave  proper  results.  The  light  was  polarized, 
which  is  in  harmony  with  the  results  of  Picton  and  the  later  ones 
of  Stoekl  and  Vanino.'  The  solution  of  nickel  sulphide  was 
then  examined.  On  account  of  its  dark  color,  it  was  necessary 
to  use  a  very  dilute  solution  so  that  the  light  would  not  be  com- 

1  Ber,  d.  chem.  Ges.,  ao,  983  (18S7). 

«  /.  Chem.  Soe.,  61, 143  (1892). 

••  ZUchr.  phys.  CA«m.,  30,  iii  (1899). 
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pletely  absorbed.  With  such  a  dilute  solution  no  difficulty  was 
experienced  in  getting  it  into  the  bottle,  before  the  separation  of 
any  sulphur  due  to  oxidation  could  take  place.  The  light  diSased 
from  this  solution  was  completely  polarized.  Some  distilled 
water  from  which  the  solutions  were  made,  was  then  placed  in 
the  bottle  and  examined  in  the  same  manner.  No  polarization 
could  be  detected.  I  am  greatly  indebted  to  Mr.  H.  W.  Wood- 
ward of  the  physical  department  of  this  university  for  very 
efficient  aid  in  these  optical  investigations.  Independent 
observations  by  him  in  each  one  of  the  foregoing  cases  confirmed 
mine  in  every  particular.  All  these  tests,  therefore,  seem  to 
show  that  nickel  sulphide  exists  in  an  alkaline  tartrate  solution 
in  the  colloidal  state ;  that  is,  as  solid  particles  in  an  extremely 
finely  divided  condition,  too  small  to  be  seen  with  any  micro- 
scope but  not  so  small  but  that  they  reflect  light- 

COBALT  SULPHIDE.     ' 

Cobalt  sulphide  was  produced  in  a  manner  exactly  similar  to 
that  used  in  preparing  soluble  nickel  sulphide.     A  solution  of 
cobalt  tartrate  was  made  alkaline   with  a  quantity  of  sodium 
hydroxide  sufficient  to  hold  nickel   sulphide  in    solution,  and 
then  hydrogen  sulphide  run  in  to  saturation.    The  cobalt  tartrate 
was  prepared  from  chemically  pure  cobalt  chloride  of  Kahlbaum's, 
marked  ''nickel  frei,''     After  the  hydrogen  sulphide  had  been 
run  into  the  alkaline  solution,  it  was  filtered.     According  to 
Villiers,  the  cobalt    sulphide   is  entirely  precipitated,  but  in 
nearly  every  case  the  filtrate  was  colored  brown.     Villiers  points 
out  that  by  this  method  one  can  detect  the  presence  of  nickel  in 
most  preparations  of  cobalt  supposedly  free  from  nickel.    It  was, 
therefore,  expected  that  the  brown  coloration   just  referred  to 
was  due  to  the  presence  of  a  trace  of  nickel.     This  brown  fil- 
trate was  refiltered  two  or  three  times,  then  shaken  with  sodium 
chloride,    and   allowed  to  stand  over  night.     In  the  morning  a 
slight  black  sediment  had  deposited  and  the  supernatant  Xioi^i 
was  perfectly  clear.     The  deposit  was  filtered  off,  washed  and 
dissolved  in  aqua  regia.     After  removing  the  excess  of  acid, 
acetic  acid  and  potassium  nitrite  were   added,  and  the  mixture 
left  twenty-four  hours,  at  the  end  of  which  time  a  well-defined 
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yellow  precipitate  had  appeared.  This  shows  conclusively  that 
the  brown  color  of  the  alkaline  solution  was  due  to  cobalt  sul- 
phide in  solution  and  not  nickel,  for  not  a  trace  of  nickel  could 
be  found  in  the  filtrate  from  the  nitrite  precipitate.  This 
experiment  was  repeated  several  times  and  nearly  every  time 
some  cobalt  sulphide  went  into  solution.  The  presence  of  a 
moderate  quantity  of  a  neutral  salt,  will,  however,  insure  com- 
plete precipitation  of  the  cobalt  sulphide. 

CONCLUSION. 

The  difficulties  attendant  on  the  separation  of  nickel  and 
cobalt  by  the  method  of  Villiers  are  the  following  :  The  oxida- 
tion of  the  solution  to  which  the  hydrogen  sulphide  has  been 
ad^ed  results  in  the  separation  of  so  much  sulphur,  that  if 
nickel  is  present  and  cobalt  is  not,  the  black  solution  will  color 
the  sulphur,  making  it  very  difficult  to  distinguish  from  precipi- 
tated cobalt  sulphide.  Furthermore,  according  to  the  process 
used  in  this  separation,  sodium  chloride  is  present  in  the  solution, 
and  although  this  aids  in  the  complete  precipitation  of  cobalt 
sulphide,  it  may  cause  some  nickel  sulphide  to  be  precipitated, 
which  in  the  absence  of  cobalt  sulphide  might  readily  be 
mistaken  for  it. 

The  nickel  sulphide  in  solution  in  an  alkaline  tartrate  medium 
is  in  the  colloidal  state. 

Of  the  different  tartrates  of  nickel  and  cobalt  investigated,  the 
most  interesting  are  the  solutions  of  the  tartrates  of  these  metals 
prepared  from  their  hydroxides  and  cold  tartaric  acid.  The 
results  of  determinations  of  the  lowering  of  the  freezing-point 
and  of  the  electrical  conductivity  are  very  exceptional  for  salts 
of  this  sort,  and  seem  to  point  to  the  existence  of  a  polymerized 
molecular  structure. 

The  evidence  seems  to  be  pretty  conclusive,  that  the  cause  of 
the  non-precipitation  of  the  hydroxides  of  nickel  and  cobalt 
from  solutions  of  their  tartrates,  or  at  least  that  any  precipitate 
that  may  form  dissolves  in  excess  of  the  reagent,  is  due  to  the 
formation  of  a  compound  in  which  these  metals  replace  the 
hydrogen  atoms  of  the  alcoholic  hydroxyl  groups  of  tartaric  acid. 

Wbbtern  Resrrvb  University, 
Cleveland,  Ohio,  June,  1900. 
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THE  DIRECT  SYNTHESIS  OP  KETODIHYDROQUINAZOUNS 

FROM  ORTHOAMINO  ACIDSJ 

By  Makston  Taylor  Boobrt  and  August  Hbkry  Gotthblf. 

Received  Jane  M,  1900. 

AS  announced  in  our  preliminary  paper  on  this  subject,' keto- 
dihydroquinazolins  (or  oxyquinazolins)  can  readily  be 
obtained  by  the  action  of  nitriles  upon  orthoamino  acids  under 
conditions  of  heat  and  pressure.  The  present  paper  is  confined 
to  a  discussion  of  the  2-methyl-4-ketodihydroquinazolin.  Many 
others  have  been  prepared  and  studied,  and  will  form  the  sub- 
jects of  later  communications. 

For  convenience,  throughout  this  article  we  have  called  onr 
compound  a  '*quinazolon''  although  we  do  not  intend  thereby 
to  indicate  any  preference  for  the  keto  form  as  compared  with 
the  tautomeric  oxyquinazolin  form.  The  numbering  for  the 
quinazolin  nucleus  is  that  first  suggested  by  Paal  and  Busch.* 
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Weddige*  the  discoverer  of  this  2-methyl-4-ketodihydroquin- 
azolin,  obtained  it  from  orthoacetaminobenzamide  by  fusion,  by 
solution  in  alkalies  with  subsequent  precipitation  with  acid,  or 
by  long  boiling  with  water ;  also,  by  heating  ethylorthoacetamino- 
benzoate  to  i6o**  C.  with  strong  aqueous  ammonia.  Bischlerand 
Burkart*^  accomplished  the  same  result  by  fusing  the  ammonium 
salt  of  orthoacetaminobenzoic  acid,  while  Niementowski'  pre- 
pared it  by  heating  together  anthranilic  acid  and  acetamide. 

1  Read  before  the  joint  meetingr  of  the  American  Chemical  Society  and  Sectioa  C  of 
the  American  Association  for  the  Advancement  of  science,  June  35, 1900. 
s  This  Journal,  sa,  129. 

*  Ber.  d.  chem.  Ges.,  as,  3684. 

*J.  prakt,  Cfum.  [2],  31,  134 ;  36, 143. 

*  Ber.  d.  chem.  Ges.^  s6,  1350. 
^J.  praki.  Chem.  [2],  51,  564. 
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The  syntheses  of  Weddige  and  Bischler  are  practically  iden- 
tical, both  depending  apon  the  formation  of  orthoacetaminobenz* 
amide,  from  which  the  quinazolon  results  by  loss  of  water.  The 
course  of  Niementowski's  synthesis  is  probably  similar  in  the 
main,  the  following  reactions  being  suggested  in  explanation : 


NH,  /NH— CO— CH, 

+  CH3.CO.NH,  =  C,H,<;  +  NH,. 

COOH        •  ^COOH 


/ 


>.NH— CO— CH,  yNH— CO— CH, 

C.hZ  +  NH,  ^  C.h/ 

\COOH  ^COO.NH, 

<NH— CO— CH3  ^NH— CO— CH, 

+  heat  =  C.HX  +  H,0, 

COO.NH,  ^CO— NH, 


N  —  C— CH, 


II 
C,H,        IH      O 


H 

I 
CO— N— H 


yN  =  C.CH, 
+  heat  =  C.hZ  I  +  H,0. 

\CO— NH 


The  first  of  these  reactions  seems  probable  when  one  remem- 
bers that  acetanilide  results  from  heating  together  aniline  and 
acetamide,  and  that,  with  other  amines,  acetamide  likewise  yields 
the  amide  of  the  higher  acid.  The  remaining  reactions  are  then 
the  same  as  in  Bischler's  synthesis. 

In  all  these  syntheses  there  is  an  interesting  point  which  should 
not  be  overlooked,  and  that  is  the  manner  in  which  the  water 
splits  out  in  the  production  of  the  quinazolon.  By  an  examina- 
tion of  the  formulas,  it  will  be  seen  that  this  may  occur  in  two 
different  ways,  one  being  a  lactam  condensation,  the  other  equiva- 
lent to  a  lactim  condensation,  resulting  in  the  production  of  two 
separate  and  distinct  isomers,  as  follows  : 
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(I) 


NH  —    C  — CH, 


C 

II 


10 


II  \ 


H 
H 


O 


/ 


\ 


NH 


\ 


(0 


C— CH, 

I 


/ 


N 


+  H.0 


CO 


Pheno-2-inethy  IhezadiaKcn  (2)0x1(4 ) . 


/ 


(11) 


N— C— CH, 


/\ 


11 

III 

IH 

oi 

1 

• 
• 

Hi 

(») 


CO— N— H 


\ 


C  -CH,  = 


N— H 


/ 

CO 

Pheno-2-metbylhexadiaKen(i}on(4). 


N 


(3) 


^ 


C  -  CH,. 

I 

,N 


I 

OH 

Pheao-2-methylhexadiasadien  ( i,3)on  (4) ; 
or  2,methyl<4-oxyquinaxolin. 

By  a  series  of  interesting  reactions,  Weddige  proved  his  prod- 
uct to  be  (2)  or  (3),  and  the  condensation,  therefore,  to  have 
followed  reaction  (II) .  He  did  not,  however,  determine  whether 
the  compound  appeared  preferably  in  its  keto  or  enol  form,  in  his 
further  studies  of  its  properties.  The  products  obtained  by  Bisch- 
ler,  by  Niementowski,  and  by  ourselves  are  identical  in  all 
respects  with  this  compound  of  Weddige's,  and  the  isomer  repre- 
sented by  (i)  is  still  unknown. 
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The  conditions  of  our  experiments  resulting  in  the  production 
of  a  quinazolon  from  anthranilic  acid  and  nitriles  were  such  that 
the  first  product  of  the  reaction  might  be  either  a  secondary 
amide,  due  to  a  condensation  of  the  carboxyl  and  cyanogen 
groups  or  a  transposition  of  groups  might  occur,  giving  anthra- 
nilic nitrile  and  acetic  acid/  In  the  first  case  then,  as  our  sub- 
stance is  identical  with  Weddige's,  the  reactions  would  be  as 
follows : 

/NH.  /NH. 

C,h/  +  CH,.  CN  =  C,H.  < 


•COOH 


•CO— NH— CO— CH. 


NjH, 

CO— NH 
and  not  thus 


O 

ii 

c 


—  CH.  = 


yN  =  C  — CH, 

c.h/  I 

^CO— NH 


+  H,a 


/ 


N< 


CeH 


./ 


^CO  —  N 


—  CH,= 


.NH— C— CH, 
CO— ^ 


/NH— C 

C,H/  I  +  H,0, 

\pn — "NT 


If  this  really  represents  the  course  of  the  reaction,  it  presents 
one  or  two  interesting  features.  First,  the  elimination  of  water 
cannot  here  occur  in  the  way  described  by  Weddige,  or  an  isomer 
would  result  with  the  double  bond  at  (2)  instead  of  at  (i)  as 
already  mentioned.  In  regard  to  this  point,  however,  it  should 
be  noted  that  this  reaction  is  not  exactly  comparable  with  Wed- 
dige's,  since  in  one  case  the  condensation  occurs  with  an  aminic 
group,  and  in  the  other  case  with  an  amidic  one.  Another 
feature  »in  which  this  synthesis  differs  from  those  already  men- 
tioned is  in  the  position  of  the  condensing  acyl  group,  which 
here  appears  on  the  acid  chain  instead  of  in  the  amino  group. 

In  later  experiments,  where  acetic  anhydride  was  present,  the 
reactions  would  be  similar  : 

1  Compare  Gautier:  Compl.  rend.,^,  1255 ;  and  Colby  andDodgre  :  Am.  Chem.  /.,  13,  i. 
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/NH. 
C,h/  +  (CH,.CO).0  .-= 

^COOH 

/NH— CO— CH, 
C,H,<  +  CH,.COOH; 

x;ooH 


,.NH— CO— CH, 
C.H/  +  CH,.CN  = 

^COOH 


/NH— CO— CH, 
C.h/  ; 

^CO— NH— CO— CH, 


CO.CH,! 

N  =  C.CH, 
Hi  /  ' 

Oi  =  C  H 

\  II  \ 

CO— NH— C— CH,  CO— NH 


C.H, 


4-  CH,.COOH. 


Although,  in  this  case  the  possibility  is  not  excluded  of  the  re- 
action following  the  line  indicated  by  Weddige  : 

N_c-CH,  N  =  C.CH. 

/  I      II  / 


+  CH,.COOH 


C.H.     iH     O  I  =  C.H, 

\ "!  I  \ 

CO— NH— iCO— CH,|  CO— NH 

In  proof  of  the  above  reaction,  acetylanthranilic  acid  was 
heated  in  a  sealed  tube  with  acetonitril,  and  the  same  quinazolon 
obtained. 

Another  course  which  may  be  followed  by  the  reaction  is  this: 

/NH,  /NH. 

C.H/  +  CH,.CN  =  C,H,<  +CH,.COOH; 


COOH  ^CN 

NH,  /NH— CO— CH, 

+  CHjCOOH  =  C.h/ 
>CN  ^CN 


/NH,  /NH— CO— CH, 

:.h/  +  CH,COOH  =  C,h/  +  H.0  ; 


/NH— CO— CH,  /N  =  C— CH, 

C,H/  +heat  =  C.H/  | 

x:N  ^CO- NH 

The  quinazolon  being  more  stable  at  high  temperatures  than 
the  anthranilic  nitrile  might  cause  such  a  rearrangement,  but 
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Saemann,^  who  examined  anthratiilic  nitrile,  together  with  its 
acetyl  and  benzoyl  derivatives,  observed  no  such  change.  The 
production  of  anthranilicnitrileasthe  first  phase  of  the  reaction  is 
more  in  accord  with  the  results  obtained  by  Colby  and  Dodge, 
but  in  some  experiments  carried  out  by  us  with  the  ineta-  and 
paraminobenzoic  acids  and  acetonitrile  we  have  been  unable  to 
isolate  any  aminobenzonitriles,  although  similar  experiments  with 
the  three  nitrobenzoic  acids  readily  yielded  the  corresponding 
nitrobenzonitriles. 

In  our  first  experiments  equal  molecules  of  acid  and  nitrile 
were  used,  but  in  all  of  the  later  ones  acetic  anhydride  was  also 
added,  and  the  reaction  will  then  be  slightly  different : 

/NH. 
C.h/  +  (CH,.CO),0  = 

^COOH 

>NH— CO— CH, 
C,H.<  +  CH,.COOH ; 


yi 


COOH 

-NH— CO— CHT, 
C,h/  +  CH,.CN  = 

XiOOH 

/NH— CO— CH, 
C.H/  +  CH,.COOH ; 

No  XT 


CN 

NH— CO— CH, 

+  CHj.COOH  = 
CN 

/NH— CO— CH, 

c.h/ 

^co— nh— co— ch, 


CO— NH— C— CH, 

N  =  C— CH, 

/ 

C.H 

\ 

CO— NH 

I  Bar.  d.  cJUm.  Ges.^  99,  631. 


+  CH,.COOH. 
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We,  therefore,  prepared  some  acetylanthranilic  nitrile  and 
heated  it  with  acetic  anhydride  in  a  sealed  tube,  the  result  be- 
ing the  same  quinazolon  as  before.  Such  a  reaction  is  not 
likely  to  have  taken  place  in  the  tubes  where  no  acetic  anhy- 
dride was  used,  for  there  would  have  been  no  excess  of  acetic 
acid  to  combine  with  the  nitrile  for  the  production  of  the  second- 
ary amid,  the  acetic  acid  reacting  first,  of  course,  with  the 
amino  group. 

To  sum  up  then,  it  seems  most  probable  to  us  that  the  conise 
of  the  reactions  is  as  follows : 

1.  In  Absence  of  Acetic  Anhydride, — Condensation  of  the  car- 
boxy  1  and  cyanogen  groups  to  a  secondary  amide,  which  passes 
into  the  quinazolon  by  loss  of  water. 

2,  In  Presence  of  Acetic  Anhydride, — Production  of  acetylan- 
thranilic acid,  with  subsequent  combination  of  carboxyl  and 
cyanogen  groups,  the  resulting  secondary  amide  yielding  the 
quinazolon  by  loss  of  acetic  acid. 

EXPERIMENTAI,  PART. 

Synthesis  of  2-methyl-4-ketodihydroquinazolin  from  anthra- 
nilic  acid  and  acetonitrile. 

Anthranilic  Acid  and  Acetonitrile, — One  molecule  of  anthranilic 
acid  and  2  or  3  molecules  of  acetonitrile  were  heated  together  in 
a  sealed  tube  for  six  hours  at  200**-2io**  C.  The  tube  then  con- 
tained a  crystalline  mass  wet  with  a  dark  liquid,  and  when 
opened  evolved  carbon  dioxide  with  considerable  force.  The 
mass  was  extracted  with  ether,  and  the  ether  solution  filtered. 
On  driving  off  the  ether  from  the  filtrate  a  brown  oil  remained 
together  with  a  small  amount  of  a  crystalline  substance.  This 
oil  was  driven  over  with  steam  and  found  to  be  aniline,  while 
the  crystalline  substance  was  identified  as  acetanilide.  The 
carbon  dioxide  and  aniline  were  the  usual  decomposition  prod- 
ucts of  the  anthranilic  acid,  the  acetanilide  being  formed  by  a 
secondary  reaction  between  aniline  and  acetic  acid  or  aniline  and 
acetamide. 

The  residue  insoluble  in  ether  consisted  of  needles  which, 
recrystallized  from  water  and  bone-blacked,  melted  at  232''-233*' 
C.  ( 238^-239°  C.  corr.).  These  crystals  were  insoluble  in  cold 
water,  soluble  in  hot,  and  parti}' soluble  in  hot  chloroform.  The 
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aqueous  solution  was  acid  to  litmus,  but  did  not  decompose 
sodium  carbonate  solution,  or  dissolve  freshly  precipitated  silvei 
oxide  when  boiled  with  it.  They  readily  dissolved  in  concen- 
trated potassium  hydroxide  solution,  but  underwent  no  decom- 
position when  the  solution  was  boiled ;  but  when  this  same  alka- 
line solution  was  boiled  with  excess  of  concentrated  hydrochloric 
acid  and  then  cooled,  long  transparent  needles  of  a  hydrochloric 
acid  salt  were  obtained,  which  sublimed  before  melting  and  gave 
the  free  base  again  (m.  p.  232°  C.)  when  treated  with  sodium 
carbonate  solution.  An  aqueous  solution  of  the  free  base  gave 
the  following  reactions:  with  copper  sulphate  solution,  alight 
blue  precipitate ;  with  silver  nitrate  solution,  a  white  precipitate; 
with  stannous  chloride  solution,  a  gelatinous  precipitate,  dissolv- 
ing on  beating  and  separating  out  in  needles  on  cooling;  with 
cobalt  nitrate  solution,  a  voluminous  curdy  precipitate,  blue  in 
presence  of  any  excess  of  alkali ;  with  mercuric  chloride  solution, 
a  curdy  white  precipitate;  with  lead  acetate  solution,  a  curdy 
white  precipitate.  An  aqueous  solution  of  the  hydrochloric  acid 
salt  gave  a  dark  yellow  precipitate  with  neutral  potassium  cbro- 
mate,  and  an  orange-red  one  with  platinum  chloride. 

The  free  base  crystallizes  from  water  in  transparent  prisms  01 
needles,  carrying  i  molecule  of  water  of  crystallization  which 
they  readjly  lose  at  100°  C.  An  analysis  of  the  crystals,  dried  al 
100°  C.  gave  the  following  results : 

I.  0.1582  gram  substance  gave  0.3904  gram  carbon  dioxide, 
and  0.07 1 1  gram  water. 

II.  0.1584  gram  substance  gave  0.3898  gram  carbon  dioxide, 
and  0.0722  gram  water. 

III.  o.  1466  gram  substance  gave  0.362S  gram  carbon  dioxide, 
and  0.0666  gram  water. 

IV.  0.1613  gram  substance  gave  26  cc.  nitrogen  at  24°  C.  and 
756  mm. 

V.  0.1468  gram  substance  gave  23.8  cc.  nitrogen  at  22.5°  C. 
and  750  mm. 

OlcutBted  lor  Pound. 

C.H.N.O.  I.                II.               HI.            IV,             V, 

Carbon 67.50  67.30        67.11         67.49         

Hvdrogen 5.00  4.99  5.06  5.04         

Nitrogen 17.50  17.97      J8.07 

Oxygen laoo  


1 
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The  molecular  weight  was  also  determined  by  the  freezing- 
point  method,  using  glacial  acetic  acid  as  the  solvent : 

Weight  of  substance  taken 0.3184  gram. 

* '        *'  glacial  acetic  acid 23.7600  grams. 

Freezing-point  of  acetic  acid 4.05® 

*•             "      *'   mixture 3.71° 

Lowering  of  freezing-point 0.34® 

K 3880.0 

Molecular  weight i53-o 

ofCjHgNjO. i6o.o 

The  substanice  is  henceidentical  with  the  2-methyl-4-ketodihy- 
droquinazolin  of  Weddige,  Bischler,  and  Niementowski. 

One  of  the  first  difficulties  encountered  in  this  synthesis  is  the 
tendency  of  the  anthranilic  acid  to  break  up  into  carbon  dioxide 
and  aniline,  and  we  have  not  been  able  as  yet  to  overcome  this 
entirely.  Very  gradual  heating  of  the  tube  contents,  even  when 
long  continued,  did  not  appear  to  give  any  better  yield  than 
direct  heating  at  200**-2io'*  C.  for  six  or  eight  hours.  The  water 
split  off  in  the  reaction  was  also  found  to  exert  a  most  harmful 
influence  upon  the  products,  causing  decomposition  and  the  for- 
mation of  much  tar.  The  use  of  an  excess  of  acetonitrile  improved 
the  yield  somewhat,  and  the  addition  oi  acetic  anhydride  was 
found  particularly  beneficial  in  this  respect.  By  using  nearly 
enough  anhydride  to  take  up  all  the  water  split  off,  the  >ieldwas 
nearly  doubled,  being  brought  up  to  45  per  cent,  of  the  theory, 
while  the  tube  contents  were  invariably  light  colored  and  free 
from  tar. 

Syntheses  of  BischUr  and  Burkari^  and  of  Niementowski, — For 
purposes  of  comparison  some  2-methyl-4-ketodihydroquinazolin 
was  prepared  by  the  method  of  Bischler  and  Burkart,  and  of 
Niementowski. 

Bischler  and  BurkarVs  Synthesis, — Acetylanthranilic  acid  was 
neutralized  with  ammonia,  the  solution  evaporated  to  crystals, 
and  the  product  recrystallized.  Fusion  of  these  crystals  for 
twenty  minutes  gave  a  yield  of  the  quinazolon  amounting  to 
about  25  per  cent,  of  the  weight  of  the  acetylanthranilic  acid 
used.  Dehoff/  who  was  the  first  to  suggest  this  method,  aban- 
doned it  as  unsatisfactory,  but  his  difficulty  seems  to  have  been 
in  getting  a  pure  anthranilic  acid  to  start  with. 

"^J.prakt.  Chem,  [a],  49,  347. 
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Niemeniowski' s  Synthesis. — This  investigator  states  that  by  fus- 
ing together acetamide  and  anthranilic  acid  for  six  toeight  hours  a1 
iSS^-iSS"  C.  a  yield  of  quinazolon  may  be  obtained  equal  to  hall 
the  weight  of  the  anthranilic  acid  used.  Our  experience  indi- 
cated that  twenty-four  hours'  heating  at  this  temperature  was 
necessary  to  remove  all  ammonia,  and  the  yield  of  quinazolon 
was  only  about  half  that  given  by  Niementowski.  By  treating 
the  melt  with  ether  the  quinazolon  remains  insoluble  and  can  thus 
be  separated  and  recrystallized.  In  the  ethereal  washings  we 
have  isolated,  in  addition  to  acetanilide,  a  substance  crystalli- 
zing from  water  in  fiat  needles  with  jagged  edges,  and  melting  at 
igo^-igi"  C.  (i94''-i95°  C,  corr.)-  This  melting-point  could  not 
be  altered  by  repeated  crystallizations,  from  water,  and  the  sub- 
stance cannot  therefore  be  impure  quinazolon.  With  metallic 
potassium  or  sodium  the  presence  of  nitrogen  in  this  substance 
is  easily  demonstrated,  but  boiling  with  concentrated  potassium 
hydroxide  solution  produces  no  ammonia,  aniline,  or  other  pri- 
mary amine,  for  n^  isonitrile  odor  could  be  detected  after  the  addi- 
tion of  chloroform,  and  it  does  not  seem  possible,  therefore,  that 
the  compound  can  be  amidic  in  character.  That  it  probably 
represents  an  intermediate  step  in  the  reaction,  howArer,  is 
clearly  shown  by  the  fact  that  it  can  be  converted  to  the  quinaz- 
olon by  boiling  with  concentrated  hydrochloric  acid  or  by  sub- 
limation. We  are  now  endeavoring  to  prepare  sufficient  of  this 
material  to  determine  its  structure,  in  the  hope  that  it  may 
throw  considerable  light  upon  the  course  of  this  interesting  syn- 
thesis. 

PRBPA.RATION  OF  DERIVATIVES    OF  2-METHYL-4-KHTODIHYDRO- 

QUINAZOLIN. 

Three  sets  of  derivatives  were  prepared  for  purposes  of  com- 
parison, one  from  quinazolon  obtained  by  Bischler's  synthesis, 
another  from  quinazolon  obtained  by  Niementowski's  synthesis, 
and  a  third  set  from  our  own  product.  An  examination  of  sim- 
ilar derivatives  in  the  three  sets  showed  them  in  every  case  to  be 
identical  in  all  points  irrespective  of  the  source  of  the  quinazolon. 

Hydrochloride. — Prepared  by  boiling  the  free  base,  or  its  alka- 
line salts,  with  excess  of  concentrated  hydrochloric  acid.  As 
the  solution  cools  the  hydrochloride  crystallizes  out  in  long  trans- 
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parent  needles,  often  of  a  decided  yellowish  cast  and  with  a 
strong  greenish  fluorescence.  These  needles  sublime  withont 
decomposition  or  dissociation,  and  do  not  break  up  at  336°  C.  as 
reported  by  Niementowski.' 

Chlorplaiinate, — By  the  addition  of  platinic  chloride  to  a  hot 
solution  of  the  hydrochloride  the  chlorplatinate  gradually  sepa- 
rates on  cooling  in  coarse  red  crystals,  which  can  be  reoystal- 
lized  from  water.  Frequently  unchanged  hydrochloride  will 
persistently  separate  with  the  chlorplatinate  even  after  prolonged 
boiling  with  excess  of  platinum  chloride. 

Calculated  for  Pound. 

(C,HgN,O.HCl),PtCl4.     I.  IL 

Pt 26.61  26.62  26.78 

Nitrate, — When  the  free  base  is  boiled  with  an  excess  of  nitric 
acid  (i  :  4),  and  the  solution  allowed  to  cool,  the  nitrate  sepa- 
rates in  white  needles,  which  decompose  at  about  185*  C.  Nie- 
mentowski  found  his  product  to  decompose  at  195**  C. 

Chromate, — This  salt  was  prepared  both  by  the  addition  of 
potassium  chromate  to  a  solution  of  the  hydrochloride,  and  also 
by.  heating  the  free  base  with  chromic  anhydride.  It  forms 
yellovi^rrystals,  beginning  to  blacken  at  176°  C.  rather  than  at 
182°  C.  as  reported  by  Niementowski. 

Calculated  for 
*  C.HBNjO.CrOj.      Found. 

Cr 20.00  19.41 

Methyl  Ether, — Equal  molecules  of  2-methyl-4-ketodihydro- 
quinazolin,  potassium  hydroxide,  and  methyl  iodide  are  dissolred 
in  alcohol,  and  the  mixture  heated  several  hours  on  the  water- 
bath  with  a  return  condenser.  The  alcohol  is  driven  off,  and  the 
residue  crystallized  from  water.  It  then  forms  white  needles, 
melting  at  71**  C.  (72°  C.  corr.)  in  the  hydrated  condition,  and  at 
109**-!  10°  C.  (iio°-iri®  C.  corr.)  when  anhydrous,  thus  identi- 
fying it  with  the  )5,y-dimethyl- J-pseudoxyquinazoline  of  Wed- 
dige,*  and  proving  conclusively  the  structure  of  the  original 
2-methyl-4-ketodihydroquinazolin,  for  the  isomeric  pheno-r- 
methylhexadiazen(2)on(4)  yields  a  dimethyl  derivative  melt- 
ing at  199**  C.  The  structure  of  these  isomeric  dimethyl  deriva- 
tives is  as  follows : 

1  Ber.  d.  ckem.  Ges.,  sg,  1360. 
*J.prmkt.  Chem.  [2],  36,  151. 
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CH, 

I  /N  =  C— CH.  /N=C— CH, 

<N  —  C— CH,  C,HX  I  =C,H.<  I 

II  VO— N— CH,  x;=N 

CO— N  I 

O.CH, 

I,  >-I>lnietli]rI  dcrlnllve.  a.^Dlmethyl  derivaUve, 

HI.  p.  199'  C.  Id.  p.  T09'-iI(>'  C. 

It  seems  most  likely,  in  view  of  recent  work  upon  similar  com- 
pounds, that  the  2-methyl-4-ketodihydroquinazolin  reacts  with 
alkalies  in  its  pseudo  or  enolic  form ,  and  that  the  dimethyl  deriv- 
ative mentioned  above  contains  the  second  methyl  group  attached 
to  oxygen  and  not  to  nitrogen,  thus  giving  an  ether  of  a  true 
methyl  quinazolin.  This  would  also  explain  why  the  2,3-di- 
methyl  derivative  has  a  melting-point  so  much  lower  than  its 
isomer,  for  in  the  2-methyl-4-ketodihydroquinazolin  compound 
with  the  double  bond  at  (2)  the  carbouyl  is  para  to  the  imido 
group,  and  it  could  not  therefore  so  easily  pass  into  a  pseudo- 
enolic  form. 

SYNTHESIS  OF  2-UBTHVI.-4-EBTODIHYDROQUINAZOLIN  PROM 
ACETYLANTHRANILIC  ACID. 
Acelylanlhranilic  Acid. — This  was  prepared  by  the  method  of 
Jackson,'  from  anthranilic  acid  and  acetic  anhydride.  Anthra- 
nilic  acid  was  boiled  for  three  hours  with  twice  the  theoretical 
amount  of  acetic  anhydride.  On  cooling  nothing  separated,  so 
the  mixture  was  precipitated  by  pouring  into  water,  the  mass 
then  wanned  slightly  to  decompose  any  excess  of  anhydride,  and 
the  precipitate  filtered  out  and  washed.  This  precipitate  was 
next  dissolved  in  ammonia  water,  reprecipitated  by  hydrochloric 
acid,  the  precipitate  filtered  out  and  crystallized  from  water, 
when  it  formed  plates  melting  at  i82°-i84''  C.  Occasionally  it 
separated  in  a  gelatinous  mass  on  crystallization,  showing  a 
slightly  lower  melting-point  (iSi^-iSj"  C),  due  possibly  to  diffi- 
culty in  getting  it  perfectly  dry. 

In  all  cases,  a  small  amount  of  the  precipitate  obtained  by  the 
addition  of  hydrochloric  acid  to  the  ammoniacal  solution  refused 
to  dissolve  in  boiling  water.  This  insoluble  portion  was  sepa- 
rated and  crystallized  from  glacialaceticacid,  yielding  fine  white 
needles,  melting  at  22i''-223''  C.     This  is  probably  the  diacetyl 

'  Btr.  d.  ch€m.  C«.,  14.  6*6. 
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derivative,  but  not  enough  was  obtained  for  further  investiga- 
tion. Jackson,^  reports  similar  results  in  his  preparation  of  the 
acetylanthranilic  acid. 

Dituetylanthranilic  Acid, — Bedson^  states  that  when  acetic 
anhydride  and  anthranilic  acid  are  boiled  together  for  some  time 
under  a  return  condenser  the  mixture  solidifies  on  cooling  to  a 
crystalline  mass  of  diacetylanthranilic  acid.  We  have  been 
unable  to  confirm  this,  as  was  the  case  apparently  with  Jackson 
also. 

Anthranilic  acid  was  boiled  for  several  hours  with  acetic  anhy- 
dride under  a  return  condenser,  but  nothing  separated  on  cool- 
ing. On  addition  of  water  a  precipitate  was  obtained  which,  on 
recrystallization,  proved  to  be  impure  monacetylanthranilic  acid, 
melting  at  1 75^-1 85**  C.  Another  portion  of  anthranilic  acid  was 
heated  with  acetic  anhydride  until  all  excess  of  anhydride  had 
been  driven  off.  The  residue  was  then  dissolved  in  alcohol,  the 
solution  bone-blacked  and  evaporated,  leaving  a  tarry  mass  from 
which  hot  benzene  extracted  a  substance  melting  at  i78''-i82**  C. 
on  recrystallization,  and  which  was  evidently  only  impure  mon- 
acetylanthranilic acid.  Monacetylanthranilic  acid  was  then 
boiled  for  ten  hours  with  acetic  anhydride,  decomposition  appar- 
ently setting  in  at  this  point,  for  when  the  mass  was  poured  into 
water  it  produced  a  yellow  milky  solution  with  much  tar. 

The  effect  of  pressure  was  next  tried.  Five  grams  of  anthra- 
nilic acid,  9  cc.  of  acetic  anhydride,  and  10  cc.  glacial  acetic  acid, 
were  heated  together  in  a  sealed  tube  for  five  hours  at  i6o'-i7o' 
C.  The  contents  of  the  tube  then  appeared  liquid,  and  no  pres- 
sure was  detected  on  opening  the  tube.  The  excess  of  acetic 
acid  and  anhydride  was  removed  by  distillation,  and  the  residue 
left  in  a  desiccator  over  potassium  hydroxide,  where  it  gradually 
solidified  to  a  crystalline  mass,  some  of  which  recrystallized 
from  benzene  melted  at  i8o°-i82**  C.  and  proved  to  be  the  nion- 
acetyl  derivative  again.  We  have,  therefore,  failed  to  get  any 
appreciable  amount  of  diacetylanthranilic  acid  by  the  methods 
employed. 

Acetylanthranilic  Acid  and  AcetanitriU. — Five  grams  of  acetyl- 
anthranilic acid  and  7  cc.  acetonitrile  were  heated  together  in  a 
sealed  tube  for  four  and  a  half  hours  at  22o**-2io''  C.     The  tube 

1  Loc.  cit. 

«y.  Chem.  Soc.,  37,  756. 
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was  then  filled  with  needle  crystals  and  a  dark  brown  liquid.  Nc 
pressure  was  evident  upon  opening  the  tube.  The  liquid  was 
decanted  carefully  from  the  crystals  and  the  latter  washed  with 
dilute  sodium  carbonate  solution,  to  remove  unchanged  acid, 
etc.  The  residual  crystals  dissolved  in  alcohol,  bone-blacked, 
and  the  solution  evaporated,  yielded  coarse  needles  melting  at 
232°-236'  C.  and  readily  identified  with  the  2 -methyl -4-ketodi ■ 
hydroquinazolin  prepared  by  the  methods  already  mentioned. 

To  prove  that  no  acetyl  derivative  of  the  quinazolon  was  pro- 
duced in  this  reaction,  0.5  gram  of  the  quinazolon  was  boiled  foi 
one  hour  with  5  cc,  acetic  anhydride,  and  on  cooling  long  needles 
separated  exactly  similar  to  those  obtained  from  the  above  reac- 
tion. That  these  were  really  only  the  original  quinazolon  was 
shown  by  the  molecular  weight  determination,  by  the  freezing- 
point  method,  with  glacial  acid  as  the  solvent : 

Weight  of  substance 0.4637  gram. 

"      "  acetic  acid '3.3W5  grams. 

Freezing-point  o(  acetic  acid 4.04° 

"  "      •'  mil  tare 3.57° 

Lowering  of  freeziag-point 0.47° 

K 3880.0 

Molecular  weight 163.7 

"      ofC,H,N,0 160.0 

"       "  C,H,N,OCCO.CH,) 2O3.0 

Acetyl  chloride  was  found  to  have  no  action  upon  the  quinaz- 
olon under  ordinary  conditions. 

The  experiments  with  anthranilic  nitrile,  acetylanthranilic 
nitrile.'and  similar  orthoaminonitriles,  form  the  subject  of  attothei 
paper. 

In  conclusion,  then,  the  following  new  syntheses  of  3-methyl- 
4-ketodihydroquina7,olin  have  been  discovered : 

1.  By  heating orthoamiDO acids,  or  their  acyl derivatives,  witt 
nitriles. 

2.  Byheatingorthoaminonitriles,  or  their  acyl  derivatives,  witb 
acids. 

The  extension  of  these  syntheses  to  other  acids  and  nitriles  i: 
now  under  way.  We  are  also  studying  the  action  of  nitrilej 
upon  a-  and  /9-amino  acids  and  their  nitriles  both  aliphatic  and 
aromatic,  as  well  as  the  action  of  nitriles  upon  other  classes  oi 
orthosuhstituted  acids. 

Columbia  OiiivBRSiTy.  Judc  ij.  190B, 
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LEAD  FEBROCYANIDB, 

rHE  following;  series  of  experiments  were  made  in  order  to 
ascertain  whether  the  composition  of  lead  feirocyanide  is 
variably  Pb,Fe(CN),,  or  whether,  like  the  ferrocyanides  of 
anganese  and  zinc,  it  is  affected  by  the  conditions  of  precipita- 

The  precipitates  were  made  as  follows :  Lead  acetate  was  dis- 
Ived  in  water  and  heated  to  boiling,  to  this  a  hot  aqueous  sola- 
m  of  potassium  ferrocyanide  was  added,  and  acid  in  some  cases 
;  is  noted  later.  The  precipitates  were  allowed  to  settle  and 
ere  washed  by  decantation  until  free  from  lead  or  ferrocyanide 
i  indicated  by  hydrogen  sulphide,  or  by  ferric  chloride.  They 
ere  then  dried  at  105°  C.  to  constant  weight.  The  method  of 
lalysis  was  in  all  cases  as  follows :  About  one  gram  was  dis- 
ilved  in  dilute  nitric  acid  in  a  casserole,  and  after  the  addition 
sulphuric  acid,  evaporated  to  fumes.  One  evaporation  was 
und  to  effect  complete  decomposition.    The  residue  was  taken 
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up  with  I  per  cent,  sulphuric  acid  to  which  half  its  volume  of 
alcohol  was  added.  The  lead  sulphate  was  washed  with  i  per 
cent,  sulphuric  acid  containing  alcohol,  filtered  and  weighed  in 
a  Gooch  crucible.  The  iron  was  precipitated  in  the  filtrate  by 
ammonia,  after  boiling  out  the  alcohol  and  adding  ammoninm 
chloride,  filtered,  washed,  and  weighed  as  Fe,0,.  The  filtrate 
from  the  iron  was  evaporated  to  dryness  in  platinum,  the 
ammonia  salts  volatilized  and  the  potassium  sulphate  weighed. 

A.  Precipitate  formed  in  a  neutral  solution  with  lead  in  excess, 
settles  rapidly.     The  analytical  results  are : 

I.  II.  III.        ATcngt. 

Lead 66.03        ^-IS        66.09       66.09 

Fe(CN)e 34.07        3398        33-85        3397 

Potassium 0.50         0.48         0.45         0.47 

100.53 

B.  Solution  neutral,  ferrocyanide  in  excess,  the  precipitate 
settles  slowly.     It  gave  on  analysis  : 

I.               -II.  III.  Avenge. 

Lead 66.36  66.06  65.98  66.10 

Fe(CN), 33.54  33.77  33.90  33.70 

Potassium 0.62         0.55  0.58  0.58 

100.38 

C.  Solution  slightly  acid  with  acetic  acid,  lead  in  excess.  The 
precipitate  settles  rapidly.  On  analysis  the  following  resnlts 
were  obtained : 

I.  II.  III.        Avenfc. 

Lead 64.42        64.55        64.62        64.53 

Fe(CN)e 3548        35-33        35-37        35-39 

Potassium 0.84         0.81         0.80         0.82 

100.74 

D.  Solution  slightly  acid  with  acetic  acid,  ferrocyanide  in 
excess.  Precipitate  settles  rapidly.  The  results  on  analysis 
were  almost  identical  with  those  obtained  from  the  preceding 
precipitate. 

I.  II.  III.  IV.  Averace 

Lead 64.43  ^-28  64.38  64.58  64.42 

Fe(CN)e 35.47  35-^2  35-69  35-6o  35-59 

Potassium 0.82  0.76  0.86  0.79  0.81 

100.82 
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E.  Solution  Strongly  acid  with  acetic  acid,  ferrocyanide  in 
excess.     Precipitate  settles  badly.     The  results  are : 

I.  II.  Average. 

Lead 63.73  64.02  63.87 

Fe(CN), 35.51  35.02  35.26 

Potassium 0.76  0.96  0.86 

These  and  the  following  are  results  calculated  from  the  deter- 
mination of  potassium,  lead,  and  iron  in  undried  portions  and 
consequently,  when  calculated  from  the  ratio  of  Fe  :  K  :  Pb,  add 
up  to  100  per  cent. 

F.  Solution  strongly  acid  with  hydrochloric  acid,  ferrocyanide 
in  excess,  precipitated  hot  as  usual. 

I.  II.  Average. 

Lead 63.02  63,39  63.21 

Fe(CN)e 3474  3448  34.61 

Potassium 2.24  2.12  2.18 

When  the  analysis  is  made  on  a  sample  dried  to  constant 
weight,  it  invariably  adds  up  to  a  little  over  100  per  cent.  This 
is  probably  caused  by  the  fact  that  on  drying,  the  precipitates 
become  either  bluish  or  greenish  in  color  due  to  a  slight  decom- 
position so  that  the  percentages  of  Fe(CN),  which  are  calculated 
from  the  iron  are  high.* 

It  is  evident  from  these  results  that  the  precipitate  varies  in 
composition  under  different  conditions  of  precipitation,  and  as 
the  acidity  increases  the  percentage  of  potassium  increases  and 
that  of  lead  diminishes. 

Also,  that  when  the  acidity  is  the  same  the  composition  is  the 
same  whether  ferrocyanide  or  lead  is  in  excess. 

Berzelius'  states  that  when  formed  in  a  neutral  solution  with 
potassium  ferrocyanide  in  excess,  the  composition  of  the  pre- 
cipitate is  Pb,Fe(CN)j.  Using  the  most  recent  atomic  weights 
this  corresponds  to  a  percentage  composition  of : 

Lead 66.10 

Fe(CN)e 3390 

Our  results  are,  with  lead  in  excess : 

Lead 66.09 

Pe(CN)e 33.97 

i  For  the  CN  :Pe  raUo  is  higher  in  Pe(CN)s  than  in  PerCCN)!.  or  Pes(CN)is. 
«  Ann.  Chem.  Phys.,  15,  157  (i8ao). 
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With  ferrocyanide  in  excess : 

Lead 66.  lo 

Pe(CN)e 33.70 

The  only  statement  we  have  found  suggesting  any  variation 
in  the  composition  of  this  ferrocyanide  is  by  Gay-Lussac*  that 
**the  precipitate  for  however  long  a  time  it  may  have  been 
washed,  retains  from  6-9 per  cent,  of  ferrocyanide  of  potassium; 
of  which  it  continues  to  give  up  a  certain  quantity  to  fresh  por- 
tions of  water.*'  The  conditions  of  this  precipitation  are  not 
stated. 

In  order  to  compare  these  results  with  those  obtained  by  titra- 
tion, the  following  experiments  were  made.  A  solution  of  potas- 
sium ferrocyanide  was  very  carefully  standardized  against 
metallic  zinc  and  freshly  ignited  zinc  oxide.  The  conditions 
being;  bulk  200  cc,  acidity  2  cc.  concentrated  hydrochloric  acid, 
temperature  about  80°  C.  Uranium  acetate  was  used  as  an 
indicator  on  porcelain.  An  allowance  of  0.3  cc.  was  made  in 
each  case  for  the  excess  necessary  to  affect  the  indicator.  The 
results  of  six  concordant  determinations  gave  as  the  strength  of 
this  solution,  i  cc.  =  0.005857  gram  of  zinc. 

This  solution  was  then  used  to  titrate  solutions  containing 
known  weights  of  lead  as  follows : 

Neutral  Solu/wn .-^Separate  portions  of  metallic  lead,  of  about 
I  gram  each,  were  dissolved  in  nitric  acid,  hydrochloric  acid 
added  and  evaporated  to  complete  dryness ;  the  lead  chloride 
was  then  dissolved  in  hot  water  diluted  to  200  cc.  and  titrated. 
The  titration  in  a  neutral  solution  is  not  altogether  satisfactory. 
Five  determinations  gave  results  varying  from  0.02454  to 
0.0246 1 .     Average,  0.02458. 

Acetic  Acid  Solution. — Six  determinations  gave  from  0.02450  to 
0.02458;  the  average  coinciding  with  the  two  most  satisfactory 
titrations  is  0.02454  gram. 

Hydrochloric  Acid  Solution, — In  a  solution  containing  one  drop 
of  concentrated  hydrochloric  acid  the  results  were  from  0.02441 
to  0.02446  ;  average,  0.02444  gram.  With  i  cc.  of  hydrochloric 
acid  the  results  were  unreliable  on  account  of  the  solubility  of 
the  precipitate. 

1  Gmelin'8  "  Handbook  of  Chemistry"  (London,  1833),  Vol.  VII,  p.  490. 
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Assuming  that  the  precipitates  formed  are  in  one  ca 
Zn,K,(Fe(CN).)„  and  in  the  other  Pb,Fe{CN),  or  that  i 
amount  of  ferrocyanide  which  precipitates  three  atoms  of  zi 
precipitates  four  of  lead,  the  factor  by  which  the  zinc  standa 
mast  be  multiplied  to  give  the  lead  standard  is  4.218.  Thisgiv 
by  calculation  from  the  zinc  standard,  0.0247  ^^  ^^^  '^^^  ^^^^ 
ard  of  the  solution. 

The  amounts  of  lead  precipitated  per  cubic  centimeter  in  1 
case  reach  this  value  and  although  the  variations  are  not  so  gre 
as  is  shown  from  the  analyses  of  the  precipitates,  they  are 
exactly  the  same  order,  and  so  confirm  the  statement  tfa 
increase  of  acidity  tends  to  diminish  the  percentage  of  lead 
the  precipitate. 

Our  results  agree  closely  with  Low's'  statement :  that  a  sol 
tion  containing  10  grams  per  liter  of  crystallized  potassium  fen 
cyanide  will  equal  10  milligrams  of  lead  per  cubic  centimes 
and  are  at  complete  variance  with  a  statement  by  Furman'  th 
it  requires  16  grams  per  liter  for  such  a  solution.  Furmac 
figure  is  evidently  based  on  the  assumption  that  this  value  & 
be  determined  by  a  direct  ratio  between  lead  and  zinc. 

CAPHII'M  FERROCYANIDB. 

The  potassium  ferrocyanide  solution,  already  described,  w 
used  to  titrate  a  number  of  solutions  containing  cadmium  und 
different  conditions.  Portions  of  cadmium  oxide  of  0.3  to  c 
gram  each  were  dissolved  in  hydrochloric  acid,  and  evaporat 
to  complete  dryness,  then  dissolved  in  200  cc.  of  hot  water  ai 
titrated.  It  was  found  that  uranium  acetate  on  porcelain  w 
very  unsatisfactory  as  the  precipitate  reacts  with  the  indicator 
is  the  case  with  manganese,  so  that  the  end  tests  in  the-ie  ttti 
tions  were  made  on  filter-paper  placing  the  drops  so  that  the  pi 
cipitate  of  cadmium  ferrocyanide  did  not  come  in  contact  wi 
the  uranium  acetate. 

The  results  in  a  neutral  solution  were  not  concordant,  varyii 
between  0.0071  and  0.00727  gram  of  cadmium  per  cubic  cen 
meter. 

In  a  solution  containing   i  cc.  of  50  per  cent,  acetic  acid  t 
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results  ran  from  0.00699  to  0.00702  gram  of  cadmium ;  average, 
0.0070  gram. 

In  a  solution  containing  i  to  2  cc.  of  concentrated  hydroctiloric 
acid  the  average  of  six  determinations  on  cadmium  oxide  gave 
I  cc  =  o.oo7i77  gram  of  cadmium;  this  was  checked  by  four 
tests  with  metallic  cadmium  which  gave  0.007165  gram,  era 
general  average  of  0.00717  gram.  Another  set  was  made  with 
only  a  few  drops  of  hydrochloric  acid  present ;  these  gave  almost 
the  same  results.  With  this  solution  it  was  found  possible  to 
use  uranium  acetate  on  porcelain  but  drops  on  filter-paper  are 
a  safer  end-point  for  cadmium  titrations. 

As  cadmium  hydroxide  is  soluble  in  ammonia  it  was  possible 
to  extend  the  titration  to  an  ammoniacal  solution  by  using  as  an 
indicator  a  4  per  cent,  solution  of  copper  sulphate,  as  recom- 
mended by  Moldenhauer^  for  zinc.  The  spots  are  made  on  filter- 
paper,  as  already  described  ;  the  end-point,  a  red  line,  is  distinct 
but  not  as  delicate  as  with  uranium  acetate.  An  allowance  of 
0.9  cc.  was  made  for  the  excess  necessary  to  affect  the  indicator. 
Four  tests  gave  the  following  values  for  i  cc:  0.00669,  0.00678, 
0.00674,  0.00674  ;  average,  0.00674  gram  of  cadmium  per  cubic 
centimeter. 

The  formula  usually  assigned  to  cadmium  ferrocyanide  is  that 
given  by  Hermann:*  CdKjFeCCN)^;  assuming  that  this  is  the 
composition  of  the  precipitate,  the  ratio  as  regards  ferrocyanide 
is  3Zn  =  2Cd,  and  the  strength  of  the  ferrocyanide  solution  used 
would  be  I  cc.  =  0.00671  gram  cadmium.  The  results  of  the 
titrations  do  not  agree  with  this  value  except  those  obtained  in 
an  ammoniacal  solution. 

Other  formulas  have  been  given  for  cadmium  ferrocyanide. 
Dammer  gives  it  the  normal  composition  Cd,Fe(CN),  and  cites 
Wittstein'  as  his  authority,  but  the  original  article  gives  neither 
formula  nor  analysis. 

Wyrouboff*  gives  the  composition  under  all  conditions  as 
KjCdgCFeCCN)^)^  which  has  been  altered  in  Comey's  **  Diction- 
ary,*' so  as  to  satisfy  the  valence  of  the  Fe(CN)g  radical  to  KgCd,- 
(Fe(CN)j)^.     Assuming  that  this  is  the  precipitate  formed,  the 

1  Ch^m.  Ztg.^  X3,  I320  (i88q),  and  15,  223  (1891). 

2  Ann.  Chfm.  u.  Pharm.,  145,  235  (1868). 

S  Biichner's  Repertorium  der  I^arm.,  63,  316-317. 
*  Ann.  chim.pkys.  [5].  8,  449  (1878). 
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■alio  as  regards  ferrocyanide  becomes  6Zn=5Cd,  and  the 
strength  of  the  solution  used  would  be  i  cc.  =  0.00838  gram 
cadmium. 

Our  results  in  acid  solutions  are  intermediate  between  these 
values  and  indicate  a  variation  in  the  composition  of  the  prectpi- 
ate  between  the  formulas  of  Hermann  and  of  Wyrouboff.  They 
ire  confirmed  by  a  statement  by  Mackay'  that  it  requires  about 
i^  per  cent,  less  potassium  ferrocyanide  to  precipitate  cadmium 
han  is  required  by  the  formula  CdK,Fe(CK),  or  in  other  words 
he  cadmium  standard  is  higher  than  would  be  obtained  by  cal- 
;ulatiou.  They  are  again  in  direct  contradiction  to  the  state* 
nent  by  Furman  that  the  cadmium  standard  can  be  obtained  from 
he  zinc  standard  by  direct  proportion  assuming  that  sZu  =  aCd. 

In  order  to  ascertain  the  composition  of  cadmium  ferrocyanide 

inder  different  conditions  analyses  of  the  precipitates  must,  of 

^urse,  be  made.   This  work  has  already  been  started  and  while 

10  results  have  yet  been  obtained  the  marked  difference  in  the 

ihysical  properties  of  the  precipitates  seems  to  confirm  the  varia- 

ion  in  composition. 

Colombia  Univehsitt, 
June  17, 1900. 

ICoNTRiBnrioN    FROM   THs    Laboratory    of   the    North  Carouha 
Agriculturai,  Bzpbriubmt  Station.] 

PHE  DIQESTIBIUTY  OF  SOrXE  NON-NITROOENOUS  CON- 
STITUENTS OF  CERTAIN  FEEDINQ-STUFFS.' 


TH£  ether  extract,  protein,  nitrogen-free  extract,  and  crude 
fiber,  which  are  determined  in  ordinary  feeding-stuff  anal- 
yses, are  groups  of  compounds,  and  are  composed  of  various 
substances  with  different  properties  and  different  coefficients  of 
ligestibility.  The  ether  extract  may  contain  (besides  the  true 
Fats)  waxes,  cholesterin,  phytosterin,  lecithin,  hydrocarbons, 
coloring- matters,  etc.  "Protein"  includes  amido  compounds, 
acid  amides,  organic  bases,  ammonia,  and  nitrates,  besides  pro- 
teidsof  varied  nature,  one  of  which,  nuclein,  is  entirely  indiges- 

iThis  Journal,  .i.«o(i8»). 

>  Thii  work  wai  tnxgtHtd  lo  the  autbor  by  Prol.  W.  A.  Wilbera.  Cbcmiit  of  tbe 
SUtJon,    See  Buntllo  171, 
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tible.  The  nitrogen-free  extract  may  contain  sugars,  dextrin, 
gums,  starches,  pentosans,  coloring-matters,  organic  acids,  lig- 
nocellulose  and  cellulose,  the  two  latter  remaining  in  part  in  the 
crude  fiber.  The  crude  fiber  contains  cellulose,  lignocellulose. 
etc.  Considering  the  number  of  substances  which  may  enter 
into  the  composition  of  the  fodder-groups,  and  the  variations 
which  take  place  in  the  quantity  present,  it  is  not  surprising 
that  the  digestibility  of  these  groups  differs  greatly  with  difierent 
feeding-stu£fs. 

The  digestibility  of  some  of  the  proximate  constituents  of 
feeding-stuffs  has  been  determined,  or,  more  correctly,  groups 
of  proximate  constituents,  namely,  the  sugar  group,  the  starch 
group,  and  the  pentosan  group.  All  three  of  these  groups  have 
not  been  determined  on  the  same  material.  The  work  about  to 
be  described  in  this  paper  has  given  a  basis  for  calculating  the 
digestibility  of  certain  proximate  groups,  which  can  be  arranged 
in  the  following  tentative  order,  according  to  their  digestibility: 
Sugars,  starches,  pentosatis,  crude  fiber,  residual  nitrogen-free 
extract,  and  pentosans  in  the  crude  fiber.  The  number  of  diges- 
tion experiments  made  is  not  large,  but  it  is  not  believed  that 
future  experiments  will  materially  modify  the  order  above  given. 
This  Station  expects  to  continue  the  work  along  this  line. 

The  materials  used  in  this  work  are  from  digestion  experi- 
ments on  sheep,  one  described  in  Bulletin  148  of  this  Station,  six 
described  in  Bulletin  160,  one  not  yet  published.  Excepting 
timothy  hay  No.  i,  all  figures  are  means  of  experiments  with  tvo 
sheep. 

DIGESTIBILITY  OF  SUGARS. 

W.  H.  Jordan,  J.  M.  Bartlett,  and  L.  H.  Merrill,  at  the  Maine 
Experiment  Station,^  found  that  the  sucrose  and  reducing  sngais 
in  alsike  clover,  white  clover,  blue  joint,  orchard  grass,  red  tq), 
timothy,  wild  oat  grass,  witch  grass,  buttercup,  and  white  weed 
were  completely  digested.  E.  F.  Ladd,  at  the  New  York 
(Geneva)  Experiment  Station,'  found  the  sucrose  and  reducing 
sugars  to  be  completely  digested  in  alfafa  hay,  mixed  hay,  wheat 
bran,  corn-meal,  cottonseed- meal,  linseed-meal,  and  oats;  the 

1  Report  1888,  98. 
>  Report  1889.  149. 
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sucrose  in  turnips  fed  with  mixed  hay  was  digested  only  78. 7  pe 
cent.,  the  reducing  sugars  being  completely  digested.  B.  W 
Kilgore  and  F.  E.  Cmery,  at  the  North  Carolina  Station,'  foun 
the  reducing  sugars  completely  digested  in  corn-fodder,  crimso 
clover  hay,  cowpea  vine  hay,  soja-bean  silage,  cottonseed,  an 
cottonseed  hulls.  H.  C.  Sherman'  found  the  glucose  and  si 
crose  (soluble  carbohydrates)  of  wheat  bran  digested  96.7  pe 
ceut.,  the  feces  containing  0.7  per  cent. 

Twenty-three  excrements  from  a  number  of  digestion  exper 
meats  made  at  this  Station  were  tested  for  sugars  in  the  usui 
way,  after  treating  the  solution  with  lead  acetate.  In  twelve  < 
them,  traces  of  copper  were  reduced,  corresponding  to  from  0.9 
to  0.20  per  cent,  of  sugars,  with  a  mean  of  0.09  per  cent.  Thi 
reduction  is  not  believed  to  be  caused  by  sugars,  but  by  otht 
reducing  matters,  as  is  plain  from  the  following  experiment 
Excrement  1376,  from  com  silage,  giving  0.15  per  cent,  appai 
ent  sugars;  excrement  1377,  from  corn  silage,  0.05  per  cen 
sugars;  excrement  1411,  from  timothy  hay,  0.20  per  cen 
sugars;  and  excrement  1437,  from  sorghum  fodder,  0.14  pi 
cent,  sugars  were  taken.  Fifty  grams  of  each  were  djgeste 
with  500  cc.  cold  water,  filtered,  and  washed  with  about  1000  ci 
water.  Basic  lead  acetate  was  added  in  excess,  filtered,  and  tt 
filtrate  evaporated  to  about  35  cc.  on  a  water-bath,  organic  ma 
ter  separating.  The  lead  was  removed  with  sodium  carbonati 
filtered  ofi,  and  the  filtrate  made  up  to  100  cc.  Twenty-five  cc 
corresponding  to  12.5  grams  excrement,  and  about  sevenlee 
times  as  much  as  was  used  in  the  preliminary  test,  gave  r 
trace  of  either  sucrose  or  dextrose  in  any  of  the  four  excrement 
The  reducing  substances  probably  separated  during  the  evap" 
ration.  The  traces  of  copper  oxide  were  probably  not  due  1 
reduction  by  sugars. 

The  twenty-three  excrements  were  as  follows  :  From  crabgra: 
hay,  crabgrass  hay  and  pea-meal  (2),  crabgrass  hay  and  coi 
bran  (a),  green  rape  (3),  crabgrass  hay  and  rice  bran  (2),  ca 
tail  millet  (2),  sorghum  fodder  (3),  crimson-clover  bay,  soji 
bean  silage,  com  silage  (4),  timothy  hay  (3),  corn  fodder.     1 

1  Tecbnlcal  Bullclln  No.  4. 
■TliliJounial,l9,  191- 
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the  twelve  materials  and  twenty-three  experiments,  sucrose  and 
reducing  sugars  were  completely  digested. 

Taking  all  the  experiments  into  consideration,  it  is  found  that 
in  thirty  materials  and  forty-one  experiments,  reducing  sugars 
are  invariably  digested  completely,  and  in  twenty-eight  of  the 
thirty  materials,  and  thirty-nine  of  the  forty-one  experiments, 
sucrose  is  completely  digested.  The  assertion  that  sugars  are, 
as  a  rule,  completely  digested  may  be  taken  as  established. 

The  determination  of  sugars  is  important  with  hays,  and  cotton- 
seed-meal; less  so  in  the  case  of  the  starchy  foods.  Hays  contain 
a  moderate  amount  of  sugars ;  for  example,^  red  clover  (average 
of  21)  contains  6.36  per  cent.,  timothy  hay  (average  of  21)  8.44 
per  cent.,  sorghum  21  per  cent.,  corn  fodder  3.9  per  cent.;  cot- 
tonseed-meal contains  9.22  and  7.94  per  cent,  raffinose,  being 
33.5  and  32.9  per  cent,  of  the  nitrogen-free  extract,  respectively. 
If  the  sugar  in  the  hays  is  subtracted  from  the  nitrogen-free 
extract,  and  then  the  digestibility  of  the  latter  is  calculated, 
a  considerable  decrease  is  often  found.  The  digestibility  of  nitro- 
gen-free extract,  containing  sugars,  is  71.8  in  alfafahay ;  if  sugar 
is  subtracted,  it  is  68.5,  a  decrease  of  4.6  per  cent.  With  mixed 
hay,  the  decrease  is  from  55.5  to  40.4,  a  decrease  of  27  per  cent. ; 
with  timothy  hay,  from  60.3  to  53.5,  or  11  per  cent.,  and  56.210 
51. 1,  or  9. 1  per  cent. ;  with  green  rape,  from  93.8  to  92.5,  or  1.4 
per  cent.;  and  with  cottonseed-meal,  from  61.5  to  42.5,  the 
enormous  decrease  of  31  per  cent.  These  figures  may  serve  to 
emphasize  the  importance  of  determining  sugars.  The  calcula- 
tions and  details  of  all  these  experiments  are  published  in  Bulle- 
tin No.  172  of  this  Station. 

DIGESTIBIUTY  OF   PENTOSANS. 

The  furfural  produced  by  distillation  of  feeding-stufis  with 
hydrochloric  acid  comes,  for  the  most  part,  from  pentosans;  i.  e,, 
bodies  which  yield  pentose  sugars  on  hydrolysis.  Other  bodies 
than  true  pentosans  are  found  in  plants,  which  are  decomposed 
with  formation  of  furfural,  such  as  the  oxycellulo3es  and  ligno- 
celluloses.  The  latter  are  usually  described  as  mixtures  of  cellu- 
lose and  incrusting  substance,  or  lignin. 

The  true  pentosans  are,  presumably,  dissolved  by  dilute  acids 

1  E.  P.  I^add  -.Am.  Chsm.  y.,  lo,  49. 
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i  alkalies,  and  hence  are  contained  in  the  nitrogen-free  ex- 
ct,  but  the  oxy celluloses  and  lignocetlu loses  are  partly 
acked  by  these  reagents  also.  The  furfural  from  the  crude 
er  may  be  considered  as  originating  from  the  latter  bodies,  to 
lich  tbe  name  pseudo pentosans  may  be  given. 
W.  G.  Stone'  determined  the  digestibility  of  total  pentosans 

a  number  of  feeding-stuffs,  titrating  the  furfural  distillate 
th  phenylhydrazine,  and  using  Pehling's  solution  as  an  indi- 
tor.  The  per  cent,  of  pentosans  digested  was  found  to  be  :  in 
aothy  bay,  48.0  and  49,5  per  cent. ;  ditto  early  bloom,  60.4 
d  54.. 6  per  cent.  ;  ditto  late  cut,  62.8  and  48.2  per  cent. ; 
inthonia  fptcala,  68.6  per  cent. ;  Agroslis  vulgaris,  70  per 
nt.  ;  Calamagrosiis  canadensis  90.4  per  cent. ;  Tritiatm 
pms,  59.9  per  cent.;  Hungarian  grass,  68.2  percent.;  Tri- 
Hutn  hybridum,  56.8  per  cent. ;  corn  fodder,  northern,  76.6 
;r  cent.  ;  ditto  southern  corn,  69.6  per  cent. ;  timothy  hay  and 
igar-beets,  71.3  per  cent.;  timothy  hay  and  rutabagas,  57.1 
;rcent.  ;  timothy  hay  and  wbtat  bran,  45.6  percent.  ;  timothy 
ly  and  gluten  meal,  59.1  per  cent.  ;  Agrostis  vulgaris  and 
heat  bran,  54.  i  per  cent. ;  ditto  and  wheat  middlings,  64.9  per 
!nt.  Excluding  Ca&ffia^ruj^ii  canadensis,  the  average  digesti- 
ility  of  tbe  pentosans  in  the  nineteen  substances  is  60.3  per  cent., 
ith  a  minimum  of  45.6  and  a  maximum  of  71.3  per  cent. 

J.  B.  Lindsay  and  E.  B.  Holland'  have  determined  the  di gesti- 
ility  of  pentosans  in  the  following  materials:  Hay  of  mixed 
Tasses,  (a)  63  per  cent.,  (b)  62  per  cent. ;  Buffalo  gluten  feed, 
8  per  cent. ;  new  process  linseed-meal,  89  per  cent. ;  old  pro- 
ess  linseed-meal,  84  per  cent. ;  com  cobs,  62  per  cent. ;  dried 
rewer's  grains,  55  per  cent;  spring-wheat  bran,  62  percent.; 
rinter-wheat  bran,  64  per  cent.     The  mean  is  68.8  per  cent. 

H.  C.  Sherman'  found  the  digestibility  of  pentosans  in  wheat 
iran  to  be  66.2  per  cent. 

Determination  of  the  total  pentosans  and  pentosans  in  the 
:rude  fiber  (pseudopentosans)  have  been  made  in  feeding-stuffs, 
wastes,  and  excrements  from  digestion  experiments  made  at  this 
Station.     The  method   of  determining   pentosans   used   is,   in 

1  Agr.  ScitHCl.  7.  6.      ■ 
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brief,   as  follows :     Three  grams  of  substance  in  a  side-necked 
flask  on  a  wire  gauze  are  distilled  with  loo  cc.  of  hydrochloik 
acid  of  1.06  specific  gravity.     When  30  cc.  have  distilled  ovu. 
30  cc.  of  the  acid  are  run  into  the  flask  through  a  separatory  hn-l 
nel  in  such  a  manner  as  to  wash  down  the  particles  on  its  sides. 
The  distillation  is  continued  in  this  manner  until  the  volume  ot 
the  distillate  is  360  cc.     A  sufficient  quantity  of  phloroglnciool 
to  precipitate  all  the  furfural,  is  added,  the  volume  made  up  to 
500  cc,   the   precipitate   collected  on  a   Gooch  filter,  washed 
with  100  cc.    water,    dried    to  constant  weight  at    IOo^  and 
weighed.     The  time  required  to  dry  the  precipitate  is  fromseren 
to  nine  hours.     Commercial  phloroglucinol  is  used,  and  ispnii- 
fied  by  dissolving  it  in  hydrochloric  acid  of  1.06  specific  gravity 
and  allowing  the  diresorcinol  to  crystallize  out. 

In  the  case  of  crude  fiber,  three  grams  of  material  weie 
treated,  in  the  usual  way  for  the  determination  of  crude  fiber 
using,  however,  300  cc.  of  the  acid  and  300  cc.  of  the  alkali 
The  fiber  was  then  distilled  with  acid,  as  described  above. 

The  composition  of  the  feeding-stufifs  is  given  in  the  table. 

Composition  op  Frkding-stuffs. 

(Dry  Matter.) 

Retidnl 
Total  Psendo-       ^4ne 

Sugars,     pentosans.      Pentosans,    pentosans,    extract. 

Timothy  hay  No.  1 8.33  24.86  19.71  5.15  iSM 

Crabgrass  hay  No.  1 1.89  26.25  21.90  4.35  2149 

Crabgrass  hay  No.  2 2.20  24.71  19-85  4.85  24.09 

Cowpea-meal 5.66  6.83             6.83  o  52,20 

Corn  bran 2.93  25.15  25.15  o  41-36 

Green  rape  No.  1 8.41  10.57             9-57  i.oo  29.S1 

Green  rape  No.  2 7.03  8.71             8.04  0.67  26.04 

Rice  bran 1.56  10.88             9.88  i.oo  40.31 

Cottonseed-meal 7.94  7.83             ....  .... 

The  pentosans  in  the  crude  fiber  is,  in  timothy  hay  No.  1. 
20.7  per  cent,  of  the  total  pentosans ;  in  timothy  hay  No.  2, 
20.5  per  cent. ;  in  crabgrass  hay  No.  i,  18.4  per  cent. ;  in  crab- 
grass hay  No.  2,  19.6  per  cent.  ;  in  cowpea-meal  and  com  bran, 
none;  in  green  rape  No.  i,  9.5  per  cent.  ;  in  green  rape  No.  2, 
7.7  per  cent.,  and  in  rice  bran,  9.2  per  cent.  It  is  apparent  that 
the  crude  fiber  of  hays  contains  a  large  percentage  of  the  pento- 
sans. The  pentosans  are  distributed  between  the  crude  fiber 
and  the  nitrogen-free  extract.     The  pentosans  in  the  crude  fiber 
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not  here  regarded  as  true  pentosans,  but  are  called  pseudo- 
tosans;  they  are  different  from  the  pentosans  in  the  nitrogen- 
:  extract,  although  the  line  of  separation  between  the  two  is 
arbitrary  one.  The  distribution  and  digestibility  of  the  pen- 
ins  are  given  in  the  table.  It  is  seen  that  from  o  to  21  per 
t.  of  the  pentosans  are  pseud  open  tosans,  and  that  in  four  of 
five  cases  the  pseudopen tosans  are  less  digestible  than  the 
itosans  in  the  nitrogen-free  extract.  The  digestibility  of  the 
al  pentosans  varies  from  53  to  95  per  cent. 

Distribution  and  Digestibii,ity  op  Pentosans. 

of  too  parts  pCDtoHDi  D<f[eatib<Il(y  ol  pentownt. 

True  pKudD-  Total  True  PBCudo- 

lotby  hay  No.  1 79.3  20.7  55-8  58.  i  46.9 

tiotby  bay  No.  3 79.5  30.5  55.9  57.0  51.0 

ibgrass  bay  No.  i 8t.6  18.4  63.1  61.0  69.9 

ibgrass  hay  No.  a 80.4  19.6            •--.  .... 

wpea-meal' loo.o  o  76.1  76,1            

tn  braa< 100.0  o  71.6  71.6  ■.■■ 

een  rape  No.  1 90.5  9.5  94.6  95.7  84.6 

cenrapeNo.a 9J.3  7.7  91.9  93.2  75.9 

:ebran> 90.8  g.a  53.5  57.3 

DIGESTIBILITY  OF  NITROGEN-FREE  EXTRACT. 
The  composition  and  digestibility  of  the  nitrogen-free  ex- 
ict  is  given  in  the  table  below.  The  residual  nitrogen-free 
Ltract  is  the  total  nitrogen-free  extract  less  sugars  and  pento- 
ns.  It  varies  in  quantity  from  47  to  85  per  cent,  of  the  nitro- 
;n-free  extract. 
Composition  and  Digestibility  op  Nitrogkn-freh  Extract. 


Sugais,  Pentosans.  Re^due 

imotby  bay  No.  i 14.9       35.1       499 

imothy  bay  No.  3 10.5         41.6        47.9 

rat^rass  hay  No.  i 4.2        48.4        47.4 

rabgrassUay  No.  3 4.8        43.0        53.2 

owpea-meal* 4.8       10.6       84.6 

oth  bran* 4-2        36,2        59,6 

'reeii  rape  No.  1 15.2        ao.6        64.2 

ireen  rape  No.  2 19.8         18.9        61.3 

Licebran'. 3x1        19.1         77.9 

'  CalcoUled  from  ration  wltb  crabgriu  hay. 

■  IHgeatlbilily  calculated  fnnD  ration  with  crabgrBBa  bay. 


76.1 

97-4 

71.0 

86.1 

95-7 

91.4 

«.2 

«6.5 

57-3 

85.0 

1 
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In  the  timothy  hays,  the  crabgrass  hay,  and  the  green  npe, 
the  order  of  digestibility  is  :  sugars,  pentosans,  residue.  In  the 
cowpea-meal,  the  corn  bran,  and  the  rice  bran,  theorderis: 
sugars,  residue,  pentosans,  but  this  residue  consists  mcsi 
largely,  if  not  entirely  of  starch,  so  that  we  may  say  that 
starch  is  more  digestible  than  pentosans.  The  order  of  digcsd- 
bility  of  the  components  of  the  nitrogen-free  extract  is,  then,- 
sugars,  starch,  pentosans,  and  residue. 

DIGESTIBILITY  OF  CRUDE  FIBER. 

Crude  fiber  contains  from  o  to  21  per  cent,  of  the  total  pento- 
sans, sometimes  as  much  as  42  per  cent.^  The  table  below  ex- 
hibits the  composition  and  digestibility  of  the  crude  fiber,  h 
four  of  the  five  cases,  the  pseudopentosans  are  less  digested 
than  the  residue,  and  the  residue  more  so  than  the  total  ocdr 
fiber,  although  the  difference  is  not  great.  The  digestibility d 
the  residual  nitrogen-free  extract  has  been  placed  in  the  tabie 
for  purposes  of  comparison.  With  timothy  hay,  and  cnb- 
grass  hay,  it  is  less  digestible  than  the  residual  crude  fiber,  is 
one  case  more,  the  other  two  less,  digestible  than  the  psendo- 
pentosans.  With  the  green  rape,  its  digestibility  is  slightly 
greater  than  that  of  the  residual  crude  fiber.  With  the  starchy 
foods,  its  digestibility  is  greater,  as  a  matter  of  course,  sioceit 
consists  for  the  most  part  of  starch. 

Composition  and  Digestibility  of  Crude  Fibbr. 

In  100  parta  Diffcstibility.        ResMal 

A  ■  -^  nilnfEt* 


Pseudo-     Resi-  Pseudo-     Rta-   tnt 

pentosans,    due.  Total,  pentosans,    doe.  ntnci- 

Timothy  hay  No.  I 9.2        90.8  52.3        46.9       53-3     ^^ 

Timothy  hay  No.  7 i4-4        85.6  53.8        52.0       54-i     ^^ 

Crabgrass  hay  No.  i 13.0        87.0  67.3        69.9       67.0     3I/ 

Crabgrass  hay  No.  2 13.4        86.6  ....         62.5*      

Cowpea-meal* o         loo.o  39.2        ....       39'2     9?*^ 

Corn  bran* o         loo.o  50.8        —       50-8     ^ 

Green  rape  No.  I   7.7        92.3  90.0        84.6      90.4     9M 

Green  rape  No.  2  6.3        93.7  84.0        75.9      84.6     86.5 

Rice  bran* 8.3        91.6  19.1        ....        19-1     ^^ 

While,  therefore,  the  order  in  the  series,  sugar,  starch,  pento- 
sans, and  residual  nitrogen- free  extract,  is  subject  to  little  doubt, 

1  J  Kdaig :  Latutw.  yersuch.  Stais.,  48,  93. 

'  Calculated  from  ration  with  crabgrass  hay. 

*  Calculated  from  ration  with  cowpea-meal. 
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and  tbe  order,  residual  crude  fiber,  pseudopentosaBs,  is 
doubtful,  the  combination  of  the  two  series  is  more  doubl 
The  approximate  arrangement  in  the  order  of  digestibility  w< 
be  sugar,  starch,  pentosans,  residual  crude  fiber,  residual  ni 
gen-free  extract,  pseudopentosans,  the  position  of  resic 
crude  fiber  and  pseudopentosans  being  subject  to  change. 

It  is  seen  that  the  residual  nitrogen-free  extract,  in  three  1 
at  least,  is  less  digestible  than  the  residual  crude  fiber.  Is 
an  actual  or  an  apparent  difference  ?  It  is  assumed  in  diges 
experiments  that  those  fodder  groups  which  are  not  digc! 
pass  through  unchanged,  an  assumption  that  must  be  modi 
for  the  nitrogenous  matters  and  the  ether  extract,  since  prodi 
of  metabolism  appear  in  the  excrement  which  fall  into  these 
groups.  It  is  quite  possible  that  crude  fiber  undergoes  s< 
change  that  renders  it  soluble  in  acids  or  alkalies. 

Crude  fiber  may  disappear : 

( 1 )  By  formation  of  soluble  compounds  and  resorbtion  ; 

(2)  By  decomposition  to  carbon  dioxide  and  marsh  gas ; 

(3)  By  decomposition  with  the  formation  of  carbon  dio> 
and  marsh  gas,  and  soluble  products  which  are  resorbed  ; 

(4)  By  decomposition  with  formation  of  products  which 
not  resorbed,  and  ate  soluble  in  hot  acids  or  alkalies,  hence  g 
into  the  nitrogen-free  extract. 

Besides  the  sugars,  starches,  gums,  etc.,  the  nitrogen- 
extract  of  bays  is  composed  of  the  less  resistant  portions  of 
cell  walls,  partly  made  up  of  pentosans.  Our  digestion  exp 
ments  seem  to  show  that  the  older  and  more  resistant  celli 
structures  (crude  fiber)  are  in  many  cases  digested  to  a  grei 
extent  than  the  younger  and  less  resistant.  To  avoid  this  d 
culty,  it  has  been  assumed  that  the  more  resistant  portions 
converted  by  bacteria  into  gases  and  soluble  products,  which 
resorbed.  This  may  be  part  of  the  truth,  but  not  all  of  it. 
would  naturally  suppose  the  less  resistant  portions — in  the  ni 
gen-free  extract^to  be  attacked  by  the  bacteria  first,  and 
nitrogen-free  extract  ought  to  be  digested  more  completely  tl 
the  crude  fiber.  The  explanation  that  seems  probable  is,  I 
the  crude  fiber  and  undigested  nitrogen-free  extract,  remain 
several  days  in  the  intestines  under  very  favorable  conditions 
the  action  of  micro-organisms,  are  decomposed,  with  format 
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of  gases,  of  soluble  products  which  are  resorbed,  and  of  insolu- 
ble products  which  pass  into  the  excrement,  and,  being  soluble 
in  acids  or  alkalies,  appear  in  the  analysis  as  nitrogen-free  ex- 
tract. The  digestibility  of  the  nitrogen-free  extract  would  ap- 
pear less  than  it  really  is,  and  that  of  the  crude  fiber,  greater. 

ANALYSIS  OF   FEEDING-STUFFS. 

This  work  has  shown  that  if  we  take  the  sugars,  starch,  and 
pentosans  from  the  nitrogen-free  extract,  the  residue  is  some- 
times more,  sometimes  less  digestible  than  the  crude  fiber,  and 
often  the  difference  is  not  great.  For  this  reason,  in  the  analy- 
sis of  feeding-stuffs,  it  is  of  more  importance  to  determine  sugar, 
starch,  and  pentosan,  than  to  determine  crude  fiber. 

£.  Schulze^  has  proposed  that,  in  addition  to  the  determina- 
tion of  crude  fiber,  the  non-nitrogenous  matters  insoluble  in 
ether,  alcohol,  water,  and  diastase  solution  be  determined.  The 
residue  would  consist  of  the  material  of  cell  walls,  insoluble  pro- 
teids,  and  a  portion  of  the  ash.  It  is  corrected  for  the  ash  and 
proteids.  This  method  should  not  be  used  in  digestion  ii^ork, 
since  insoluble  nitrogen-free  extract  or  crude  fiber  may  have 
become  soluble  during  its  several  days'  stay  in  the  animal.  It 
may  be  used  when  a  knowledge  of  the  properties  of  a  feeding- 
stuff  is  desired  quickly. 

SUMMARY. 

1.  Sugars  are  found  in  all  feeding-stuffs,  are  completely  digest- 
ed, as  a  rule,  and  their  determination  is  of  especial  importance  in 
the  case  of  hays  and  cottonseed-meal. 

2.  The  average  digestibility  of  pentosans  in  thirty- four  samples 
is  64.2.     The  average  for  timothy  hay  (eight  samples)  is  53.9. 

3.  The  constituents  of  the  nitrogen-free  extract  may  be  ar- 
ranged in  the  following  order  according  to  their  digestibility : 
(i)  sugars,  (2)  starch,  (3)  pentosans,  (4)  residue. 

.  4.  The  pseudopentosans  of  crude  fiber  are  less  digestible  than 
the  residue.  The  residue  is  sometimes  more,  sometimes  less 
digested  than  the  residual  nitrogen-free  extract. 

5.  Crude  fiber  may  be  changed  during  digestion  so  as  to  ap- 
pear as  nitrogen- free  extract  in  the  excrement. 

6.  The  determination  of  sugar,  starch,  and  pentosans  is  more 
important  than  that  of  crude  fiber. 

May,  1900. 

1  Landtu.  Ver such-Stats.  ^  49,  434. 
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Applied  Science,  No.  34.] 
)N  THE  HYDROCARBONS  IN  HEAVY  TEXAS  PETROLEUM.' 


THE  heavy  petroleums  that  hitherto  have  been  looked  on  as 
only  fit  for  fael  are  capable,  if  properly  refined,  of  yield* 
ng  valuable  products.  This  is  especially  true  of  the  deposits 
■ecently  exploited  in  Wyoming,  Texas,  and  in  other  sections, 
rhe  Corsicana  oil  in  Texas  has  been  shown  by  Mr.  Clifiord 
Richardson  to  yield  an  oil  that  may  be  refined  into  gasoline, 
turning  oil,  and  other  products  ordinarily  obtained  from  light 
>etroleums.  Large  areas  of  oil  territory  have  recently  been 
leveloped  in  Texas  that  yield  oils  of  higher  specific  gravity, 
ind  that  are  of  value  for  what  they  contain  of  the  higher  prod- 
icts.  The  rapid  development  of  Texas  oil  territory  bids  fair 
:o  advance  the  state  into  an  equivalent  place  with  California  as 
)il -producing  territory. 

As  to  the  hydrocarbons  which  compose  the  heavy  Texas  oil, 
lothing  whatever  has  hitherto  been  known.  It  is  practically 
impossible  to  separate  any  of  its  constituents  by  the  ordinary 
nethod  of  distillation.  This  examination  of  the  Texas  oil  was 
jndertaken  with  the  purpose  of  ascertaining  the  principal  series 
Df  hydrocarbons  which  compose  the  crude  oil. 

The  specimen  was  obtained  from  a  large  territory  owned  by 
the  Forward  Reduction  Company,  of  this  city.  The  crude  oil 
was  very  thick  and  dark  in  color.  Its  specific  gravity  at  20° 
was  0,9500,  A  determination  of  sulphur  by  the  Carius  method 
gave  0.94  per  cent.  These  heavy  oils  almost  invariably  contain 
water  suspended,  and  it  is  almost  impossible  to  remove  the  water 
by  drying,  and  the  oil  can  not  be  distilled  while  it  contains  water 
Qn  account  of  violent  bumping.  Undfr  atmospheric  pressure, 
scarcely  any  of  the  oil  distilled  below  240°.  After  drying  by 
standing  a  long  time  in  a  warm  place  with  fused  calcium  chlo- 
ride, when  distilled  in  vacuo  under  13  mm.  pressure,  the  dis- 
tillates collected  in  the  following  proportions  and  gave  tb&spe- 
cific  gravity  annexed : 

'  The  work  In  ihla  paper  was  the  subject  ol  a  thesia  by  Mr.  Buck  for  the  degiet  of 
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150°  i50°-230°  23o°-30o°  Above  300° 

10  per  cent.         33  per  cent.       21  per  cent.  37  per  cent 

0.8753  0.9222  0.9602  Very  thick. 

Next  500  grams  were  distilled  under  25  mm.  up  to  310°, 
leaving  a  residue  in  the  flask  of  175  grams.  The  distillations 
were  repeated  several  times  until  larger  quantities  collected  at 
the  following  temperatures : 

i25°-i3o^       i4o°-i45^       i6o°-i65^       1750-180°        1950-200°      215^-230- 
0.8744  0.8848  0.8986  0.9095  0.9231  a9373 

2250-230^        24o°-245°        270O-275O 
0.9432  0.9478  0.9559. 

For  the  removal  of  benzene  hydrocarbons  and  other  impari- 
ties, the  constituents  with  lower  boiling-points  were  treated 
several  times  with  fuming  sulphuric  acid,  then  washed  with 
sodium  hydroxide  and  water.  The  remaining  oil  was  neaiiy 
colorless.  In  order  to  prevent  decomposition  of  the 
less  stable  constituents  with  higher  boiling-points  by  the 
fuming  acid,  the  heavy  oil  was  dissolved  in  light  gaso- 
line. After  the  solution  became  colorless,  the  gasoline  was  dis- 
tilled off,  leaving  the  heavy  oil.  By  this  method,  it  is  possible 
to  purify  any  of  the  distillates  with  high  boiling-points  without 
decomposition. 

The  fraction  i25*-i30*  (25  mm.),  after  treatment  with  the 
fuming  acid,  gave  as  its  specific  gravity  0.871 1,  very  little  less 
than  the  specific  gravity  of  the  unpurified  distillate,  indicating 
that  very  little  else  was  contained  in  this  fraction  but  the  princi- 
pal hydrocarbon.  A  determination  of  the  molecular  weight  of 
the  oil  at  the  freezing-point  of  benzene  gave  196;  required  for 
C14H30,  194.  The  index  of  refraction  was  also  determined  and 
the  molecular  refraction  calculated  from  it  was  62.39;  required 
for  Ci^H^,  62.34.  A.  combustion  of  the  oil  gave  86.56  percent. 
of  carbon,  and  13.46  per  cent,  of  hydrogen;  required  forCjA- 
carbon  86.59,  hydrogen  13.41. 

The  fraction  i40**-i45*  (25  mm.)  was  purified  in  the  same 
manner,  and  the  same  determinations  were  made.  The  resnlts 
of  the  determinations  of  carbon  and  hydrogen,  molecular  weight 
determinations  and  molecular  refraction  led  to  the  formula  of  the 
hydrocarbon  C,5H„. 
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By  the  same  method  of  purification,  the  fraction  ido'-n 
(35  mm.)  wasobtaiaed  nearly  colorless,  and  it  then  gave  as 
specific  gravity  0.8894,  o^^Y  slightly  less  than  the  specific  grav 
of  the  unparified  oil.  Detenni nations  of  carbon  and  hydrogi 
of  its  molecular  weight  and  molecular  refraction,  gave  resu 
leading  to  the  formula  C„H„. 

After  treatment  with  the  fuming  acid,  the  fraction  175'-! 
(25  mm.)  gave  as  its  specific  gravity  0.8966,  essentially  the  sa 
as  that  of  the  uupunfied  oil.  The  formula  established  by  t 
same  determinations  as  the  others  was  C„H„. 

The  specific  gravity  of  the  fraction  igs'-aoo"  (25  mm.),  af 
purification  with  fuming  sulphuric  acid,  was  0.9070.  Deteri 
nations  of  carbon  and  hydrogen,  and  molecular  weight,  led  to  1 
formula  C^H^,  although  the  low  percentage  of  hydrogen  in 
cated  that  the  distillate  contained  some  of  the  hydrocarbon  w 
less  hydrogen.  The  distillate  2i5°-220°  (25  mm.)  gave  as 
specific  gravity,  after  purification,  0.9163.  Its  formula,  est 
lishedby  analysis  and  determination  of  molecular  weights. 

The  fraction  24o°-245°  (25  mm.)  gave  as  its  specific  grav 
0.9306.  No  other  determinations  were  made  of  this  oil  than 
molecular  weight,  which  corresponded  to  the  formula  C^i 
The  fraction  27o'-275''  (25  mm.)  was  extremely  viscous,  a 
could  be  purified  only  by  dissolving  in  gasoline.  It  gave  a  cle 
slightly  yellow  oil,  with  a  specific  gravity  0.9410,  practically  1 
same  as  the  unpurified  distillate.  Determinations  of  carbon  a 
hydrogen,  of  molecular  weight  and  molecular  refraction,  cor 
sponded  to  the  formula  C^H^. 

It  appears,  therefore,  that  this  heavy  Texas  oil  contains  1 
drocarbons  from  Ci,H„  to  C„H„  of  the  series  C,H„^ ,  and  higl 
hydrocarbons  C„H„  to  C„H„  of  the  series  C,H._ .  From  1 
slight  changes  in  specific  gravity  after  thorough  agitation  w 
fuming  sulphuric  acid,  it  appears  that  these  condensed  meth 
enes  constitute  the  chief  body  of  the  crude  oil  which  dis 
within  these  limits.  The  first  series  is  satisfied  by  assumi 
that  the  molecule  is  composed  of  two  methylene  rings  connect 
in  the  same  manner  as  diphenyl,  with  a  sufficient  numbei 
methyl  side-chains  to  account  for  the  formula  or  with  connecti 
carbon  atoms  between  the  rings.     The  study  of  the  constitue 
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of  Texas,  California,  and  Canadian  petroleums,  with  high  boil- 
ing-p>oints,  is  now  in  progress. 

A  summary  of  the  results  obtained  in  the  examination  of  this 
petroleum  is  given  in  the  following  table  : 


B.  P.  (25  mm.) 

Sp.  gT. 

Index  of 
refraction. 

Molecular  refraction 

Calculated. 

1 

Pound. 

Cu^M 

I25*»-I30« 

0.871 1 

I.4713 

62.34 

62.39 

CijHja 

i4o«-i45*> 

0.8788 

1.4746 

66.94 

66.70 

Ci«Hm 

1600-165^ 

0.8894 

1.4672 

71.55 

69.40 

Ci7Hg4 

i75*>-i8o® 

0.8966 

I.472I 

76.14 

73.85 

C19HU 

195^-200° 

0.9020 

1.4928 

85.35 

84.70 

CjiHsg 

2I5®-220® 

0.9163 

1.4979 

92.46 

92.91 

CjsHie 

.    27o<'-275* 

0.9410 

1. 5 152 

110.87 

III.OO 

• 

[CoirrRiBUTioN  prom  thb  Laboratory  of  Hygibnk,  UNrvERsrry  of 

Pennsyi^vania.  ] 

AN   EXPERIMENTAL    STUDY    OF    THE   QAS-PRODUCINO 

POWER  OF   BACILLUS  COLI  COMMUNIS  UNDER 

DIFFERENT  CONDITIONS  OF  ENVIRONMENT. 

By  Mary  Bnolb  Pennington  and  Gkokob  C.  Kusel. 

Received  June  19,  1900. 

THE  power  which  some  bacteria  possess  of  liberating  certain 
gaseous  elements  and  compounds  from  suitable  culture 
media  has  been  the  subject  of  a  number  of  investigations.  These 
investigations  have  brought  to  light  many  interesting  facts,  and 
have  established  methods  of  diagnostic  value  based  upon  gas 
production.  Dr.  Theobald  Smith,  in  the  account  of  his  now 
classic  experiments  upon  fermentation,  has  given  a  number  of 
species  which  produce  gases,  the  necessary  conditions,  quantity 
of  gas  produced,  etc.  Various  analyses  are  on  record,  also,  of 
the  gas  liberated ,  these  analyses  being  more  or  less  detailed 
depending  upon  the  point  of  view  of  the  investigator  and  the 
time  when  the  work  was  done.  Among  the  earlier  workers  we 
find,  generally,  that  they  were  content  with  the  determination  of 
the  amount  of  carbon  dioxide.  The  residual  gas,  being  found 
to  be  explosive,  was  accepted  as  hydrogen. 

Later  studies  have  been  made  with  more  care,  and  in  conse- 
quence the  presence  of  other  gases  has  been  recognized.  Pam- 
mel  and  Bennett*  have  studied  the  action  of  several  gas-produ- 
cing organisms  with  especial  attention  to  their  behavior  toward 

1  This  Journal,  18, 157  (1896). 
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different  sugars;  namely,  glucose,  cane-sugar,  and  lactose.  The; 
mention  the  fact  that  the  first  portions  of  escaping  gas  are  nearl; 
pure  hydrogen,  but  are  inclined  to  ascribe  this  to  the  absorptiv 
power  for  carbon  dioxide  possessed  by  the  medium.  The  cnltur 
period  for  each  experiment  is  given,  and  the  analytical  data 
obtained  by  growing  the  organisms  in  various  media,  are  com 
pared,  but  nothing  further  regarding  the  progressive  alteratloi 
in  the  composition  of  the  gas  formed  is  noted. 

Some  fermentation  work  with  Bacillus  coli  communis  which  ha 
been  done  in  this  laboratory,  led  us  to  believe  that  a  change  ii 
the  composition  of  the  gas  does  occur  with  the  advancing  age  o 
the  cuhure  and,  also,  that  appreciable  quantities  of  gases  otbe 
than  hydrogen  and  carbon  dioxide  are  formed.  The  work  ii 
this  laboratory  also  indicated  that  gas  production  by  BaciUu 
coli  communis  in  glucose  bouillon  in  the  usual  saccharimeter  tub( 
is  not  so  constant,  either  in  relation  to  time  of  gas  production  o 
of  the  amount  produced,  as  is  generally  believed.  It  seemet 
advisable,  therefore,  to  cultivate  this  organism  under  the  raos 
concordant  conditions  possible,  and  to  submit  the  gases  pro 
duced  to  a  careful  chemical  examination. 

The  chemist  who  undertakes  quantitative  chemico-bacteriolog 
ical  work  has  found  in  the  past,  and  still  finds,  a  source  ■  of  erro: 
which  at  present  seems  insurmountable.  This  error  lies  in  thi 
quantity  and  quality  of  the  inoculating  material.  Whereve: 
inoculations  are  to  be  made  the  most  careful  work  of  trained  eye; 
and  skilled  hands  may  yet  leave  a  margin,  plus  or  minus,  o 
untold  thousands  of  organisms,  for  with  cells  so  prolific  as  an 
bacteria  a  small  difference  to-day  is  enormous  to-morrow.  No 
only,  too,  must  wc  consider  the  number  of  active  organisms  pro 
duced,  but  the  waste  products  of  those  cells  which  are  alread] 
dead  may  exert  an  appreciable  influence  upon  later  comers. 

The  gas-producing  ability  certainly  varies  considerably  witl 
the  age  of  the  culture.  Many  trials  have  demonstrated  tha 
Bacillus  coli  communis  made  upon  nutrient  agar  are  most  active 
so  far  as  gas  production  is  concerned,  when  three  days  old,  thi 
oi^anisms  having  been  kept  at  a  temperature  of  37°  C.  Oldei 
cultures,  as  a  rule,  produce  less  gas.  This  may  be  due  to  i 
decreased  vitality  of  the  germ  from  lack  of  food  supply  or  fron 
noxious  waste  products.     In  all  of  the  experimental  work  givet 
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below  a  three  days'  slant  culture  on  agar  was  used  as  the  seed- 
ing material. 

After  many  trials  with  the  various  forms  of  apparatus  for  the 
collection  and  isolation  of  the  gases  generated  by  bacteria  the 
following  method  was  devised  and  used  exclusively.  The 
advantage  of  this  form  of  apparatus  is  that  it  is  easily  handled, 
cleaned,  and  sterilized,  besides  being  perfectly  tight.    That  it  is 


exceedingly  simple  will  be  seen  from  the  accompanying  diagram. 
-^  is  a  glass  bulb  of  250  cc.  capacity  having  an  inlet,  C,  three 
inches  long,  into  which  a  glass  stop-cock  is  fused  and  an  outlet 
D,  of  the  same  length,  bent  at  right  angles  about  one  inch  below 
the  bulb,  i?  is  a  like  bulb  except  that  the  stop-cock  is  omitted. 
Heavy  walled  rubber  tubing  connects  these  two  bulbs  and  is 
closely  wired,  both  outlets  being  roughened  to  facilitate  this. 
The  inlets  are  plugged  with  cotton- wool,  when  the  apparatus 
may  be  sterilized  in  an  autoclave. 

In  the  experiments  to  be  described  exactly  250  cc.  of  the 
desired  culture  medium  were  admitted  through  D  the  stop-cock 
of  C  being  open.  The  level  was  then  adjusted  until  the  bore  of 
the  stop-cock  was  just  filled.  The  cock  was  turned,  and  the 
apparatus,  so  far  as  A  was  concerned,  was  tight.   Resterilization 
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□  an  autoclave  at  45  pounds'  pressure  rendered  the  apparatus 
it  for  inoculation.  This  was  performed  either  by  slipping  a 
platinum  wire  through  thestop-cock  bore  until  it  met  the  medium, 
>r,  as  we  preferred,  by  placing  a  definite  number  of  drops  of  a 
luspension  culture  in  the  inlet  tube  C  and  drawing  them  into  the 
)ulb  by  lowering  B. 

As  the  organisms  multiply,  the  gas  collects  in  A  displacing  the 
iquid  and  forcing  it  over  into  B.  The  flexible  connection 
>etween  the  two  bulbs  enables  one  to  readily  adjust  the  levels  so 
:bat  undue  pressure,  which  checks  fermentation,  is  obviated.  The 
3nlbs  have  been  allowed  to  stand  for  days  with  bulb  B  depressed 
:o  its  fullest  extent  but  not  the  slightest  inward  leakage  has  been 
letected.  When  the  experiments  were  being  conducted  a  slight 
pressure  in  A  was  maintained  as  an  additional  precaution,  so 
that  the  leak,  if  any,  should  be  outward. 

All  the  experiments  were  conducted  at  an  incubator  tempera- 
ture, 37'  C  The  media  were  made  with  the  greatest  exactness 
possible.  Commercial  peptone,  glucose,  and  salt  were  carefully 
dried  and  weighed  accurately.  When  bouillon  was  desired 
Liebijt's  "  Extraclum  Camis  "  was  used.  The  reaction  of  the 
medium  was  always  neutral  at  the  begiuning  of  the  experiment. 
Tenth- normal  sodium  hydroxide  was  used  for  this  neutralization, 
phenol  phthalein  being  the  indicator.  The  gases  were  with- 
drawn from  the  bulb  after  cooling  the  latter  to  18°  to  19°  C.  and 
analyzed  over  mercury  in  a  Hempel  apparatus.  Hydrogen  was 
determined  by  explosion  with  oxygen.  Hydrocarbons  were 
determined  by  residual  carbon  dioxide.  Nitrogen  was  found  by 
difference.  Heavy  hydrocarbons  were  sought,  but  were  not 
detected.  All  results  are  expressed  in  percentages.  The  amount 
of  gas  produced  did  not.  as  a  rule,  permit  of  more  than  one  accu- 
rate carbon  dioxide  analysis.  After  absorbing  the  carbon  diox- 
ide, however,  duplicate  determinations  of  hydrogen,  nitrogen, 
and  methane  were  made.  To  exclude  the  personal  error  all  the 
analyses  were  made  by  one  person.  When  the  variation  in  the 
results  were  large  the  experiments  were  submitted  to  a  bacterio- 
logical investigation,  but  the  cultures  were  found  to  be  pure. 

NITROGEN  AND  MBTHAKB. 

A  series  of  bulbs  were  filled  as  above  described  with  neutral 
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bouillon  containing  i  per  cent,  peptone,  0.5  per  cent,  soditun 
chloride,  0.5  per  cent.  Liebig's  beef  extract,  and  1.5  per  cent, 
glucose.  The  individual  bulbs  were  analyzed  at  the  expiration 
of  the  periods  indicated  in  the  table. 


Table  I. 

Series  /. 

Duration  of 
ezperimenU. 
No.       Hours. 

Carbon, 
dioxide. 
Per  cent 

Hydrogen. 
Per  cent. 

Methane. 
Per  cent. 

Nitros^en. 
Per  cent 

Toul 

volnme. 
cc. 

I . . . .      72 

26.6 

65.3 

4.30 

3.8 

93 

2...>       72 

26.45 

65.82 

3.61 

4.12 

64 

3....    144 

28.48 

65.83 

I.13 

4.56 

80 

4....    168 

23.75 

70.13 

1. 15 

4.97 

67.8 

5....    192 

23.59 

69.88 

Series  2, 

2.38 

4.95 

85 

I 36 

34.30 

63.20 

1. 00 

1.30 

82 

2.>>.       60 

33.83 

62.69 

1.86 

1.62 

93-4 

3 • • • •     84 

27.03 

69.88 
Series  $, 

1.02 

2.07 

83 

I • • •  •     48 

34.00 

63.00 

1.5 

1.5 

93 

2 . . . .     72 

27.5 

66.3 

3.00 

3.2 

98 

3....   120 

28.00 

66.5 

2.00 

3.5 

90 

Aorordincr  to 

Table  T 

.  in  flHdition 

to  thf»    r 

arhon  dio 

x^ide  and 

hydrogen,  the  gases  usually  present,  we  find  also  nitrogen  and 
methane.  These  gases  were  invariably  found,  and  their  pres- 
ence in  such  appreciable  quantities  is  of  interest.  Grinibert^has 
cultivated  Bacillus  coli  communis  in  the  presence  of  amido  bodies, 
nitrates  and  nitrites,  and  states  that  amides  are  necessary  ifdeni- 
trification  processes  are  to  continue.  In  Grimbert's  experiments 
sugar  was  not  mentioned,  the  study  being  made  in  nitrated,  or 
amidated,  peptone  solutions  exclusively.  In  Bennett  and  Pam- 
mePs  work  we  find  no  mention  of  nitrogen  or  methane  in  the 
gas  produced.  Wolff,*  in  a  recent  paper  on  denitrification,  states 
that  this  organism  reduces  a  nitrated  peptone — glucose  medium, 
giving  nitrites. 

Frequent  repetition  of  our  experiments,  where  no  nitrates  were 
added,  with  every  possible  precaution  against  admixture  of  air, 
gave  invariably  some  nitrogen.  The  question  therefore  arose: 
Does  the  presence  of  air  in  bulb  B  affect  the  nitrogen  production? 

1  Ann.  d.  VInst.,  Pasteur,  13,  67  (1889). 
S  Hygien.  Rundsch.^  9,  1169. 
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While  fermentation  is  active  the  tendency  would  be  to  carry  the 
organisms  out  of  the  field  of  activity  (bulb  A)  and  a  backward 
migration  cannot  be  very  extensive.  But  at  the  close  of  the 
active  period  the  organisms  in  B,  may  find  their  way  into  A 
again.  Do  they,  from  their  contact  with  the  oxygen  at  the  sur- 
face of  the  liquid  in  B,  become  so  modified  physiologically  that 
they  alter  the  usual  course  of  fermentation?  To  determine  this 
point  the  following  experiments  were  made  in  which  all  oxygen 
was  excluded. 

The  apparatus  above  described  was  filled  and  sterilized  in  the 
usual  manner.  A  Geissler  potash  bulb  containing  a  freshly  pre- 
pared pyrogallol  and  sodium  hydroxide  solution  was  attached  to 
B,  and  a  wash- bottle  rigged  flask,  containing  a  like  solution,  was 
attached  to  A;  the  stop-cock  was  then  opened,  the  level  of  A 
raised  and  the  liquid  allowed  to  flow  into  B,  until  the  bulb  was 
quite  full.  The  air  entering  A  was,  of  course,  deprived  of 
oxygen  bj'  the  pyrogallate  in  the  wash-bottle  flask.  The  relative 
levels  were  next  altered  and  bulb  A  refilled.  The  air  in  B  was 
free  from  oxygen  and  remained  so  as  indicated  by  testing  over 
active  phosphorus.  The  gas  produced  under  such  conditions 
still  showed  nitrogen,  but  we  were  surprised  to  find  that  hydro- 
carbons had  disappeared  (see  Table  II). 

Tablb  II. 
Series  /. 

Duration  of    Carbon       Hydrogen.  Methane.        Nitrogen.        Total 

experiment,  dioxide.  Per  Per  Per  volume. 

No.         Hours.        Per  cent  cent.  cent.  cent.  cc. 

1 40  30.00  67.80  2.20  82.0 

2 64  28.91  67.53  3-56  83.0 

3 86  28.00  66.99  5.01  83.2 

Series  2. 

1 22  34.70  63.58  1.72  83 

2 36  36.80  60.10  3.10  97 

3 64  36.00  59.18  4.82  94 

Series  i  and  2  of  Table  II  were  made  with  glucose  bouillon  of 
the  composition  given,  and,  except  that  the  series  were  started 
on  different  days,  were  as  exactly  alike  as  possible.  The  results 
show  well  the  marked  variation  which  frequently  appears,  and 
which  will  be  again  met  with  in  the  course  of  this  paper. 
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Control  bulbs  without  the  pyrogallate  tubes  were  made  in  each 
case,  and  the  analyses  always  showed  hydrocarbons  to  be  pres- 
ent. Hence  we  find  that  the  entire  exclusion  of  oxygen  does 
not  modify  the  nitrogen  production  in  the  least  but  that  under 
such  circumstances  hydrocarbons  are  not  produced. 

In  the  foregoing  experiments  the  organisms  had  a  large  sup- 
ply of  amido  nitrogen  on  hand  in  the  form  of  meat  extractives. 
They  had,  also,  the  proteid  nitrogen  of  the  peptone.  Commer- 
cial peptone  varies  considerably  in  composition  and  contains 
always  more  or  less  amido  nitrogen.  If  the  organisms  are  able 
to  reduce  the  nitrogen  of  the  extractives  only  we  would  expect 
to  find  much  less  nitrogen  in  a  peptone-glucose  solution  than  in 
one  containing  meat  extractives  in  addition  to  the  other  constit- 
uents. 

To  determine  to  what  extent  these  added  meat  extractives 
enter  into  the  nitrogen  evolved,  the  following  series  of  bulbs  were 
made  with  a  culture  medium  composed  of  i  per  cent,  peptone 
(Witte's)  containing  1.5  per  cent,  glucose  and  0.5  per  cent.  salt. 
The  pyrogallate  bulbs  were  not  attached. 


Tabi,e  III. 

1 

Series/, 

Duration  of 
experiment. 
No.        Hours. 

Carbon. 

dioxide. 

Per  cent. 

Hydrosren. 

Per 

cent. 

Methane. 

Per 

cent. 

Nitrogen. 
Per 
cent. 

Total 

volume 

cc. 

I 24 

34.80 

65.11 

■  •  •  • 

0.09 

100.0 

2 ...  *       4^ 

30.2 

62.83 

1.63 

5.34 

97.4 

3....    120 

28.11 

64.6 

Series  2. 

1.80 

5.49 

86.0 

I .  .  . .       46 

35.58 

60.34 

1.34 

2.74 

97.8 

2. . . .       84 

32.00 

61.39 

I.OO 

4.54 

94.8 

3 . . . .     140 

:,o.oo 

62.72 

T.78 

5.50 

98.0 

4 . . . .    144 

30.41 

62.88 

1.77 

4.94 

96.0 

Bulb  No.  I  of  Series  i,  Table  II,  is  the  only  experiment  in 
which  we  have  failed  to  detect  nitrogen  in  appreciable  amounts. 
It  will  be  noticed  that  this  bulb  also  lacks  methane.  The 
experiment  was  carried  out  in  strict  accord  with  the  other  mem- 
bers of  the  series,  the  medium  being  the  same  preparation,  the 
inoculation  from  the  same  suspension  culture.  The  reason  for 
this  variation  is  unexplained. 


1 
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A  comparison  of  the  nitrogen  obtained  with  and  without  tbt 
addition  of  extractives  shows  no  appreciable  nitrogen  diffcrenct. 
If  the  amido  nitrogen  only  is  liberated  we  have  in  bulb  4  of 
Series  2  a  quantity  of  nitrogen  corresponding  to  0.0184  P^"* ''' 
creatine.  According  to  Allen,'  Liebig's  Extradum  Carnis  con- 
tains 29.33  per  cent,  meat  bases.  As  5  grams  of  the  extract 
were  added  to  i  liter  of  the  medium  we  have  about  i  .46  gram  of 
extractives ;  or,  as  each  bulb  was  supplied  with  250  cc.  of  tbc 
fluid,  0.366  gram  was  available  in  each  experiment.  A  TOT 
small  quantity  of  amido  nitrogen  then  is  split  off. 

Because  of  the  variability  of  peptones  of  different  makes  another 
sample,  one  obtained  from  Merck,  was  subjected  to  experiment. 

I  "  CommeicUl  OTsanlc  Aiulyiii."  Vol.  IV,  p.  jii- 
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After  careful  drying  it  was  made  into  a  i  per  cent,  solution  con- 
taining salt  and  glucose  as  before.  As  in  the  similar  experi- 
ments with  Witte's  peptone,  extractives  were  omitted. 

Table  IV. 
Series  /. 

Duration  of      Carbon  Total 

experiment,     dioxide.         Hydrogen.       Methane.      Nitrogen.         volume. 
No.         Hours.  Per  cent.         Per  cent.  Per  cent.      Per  cent.  cc. 

1 24  33.41  64.07  ...  2.52  52.0 

2 48  25.77  64.98  2.CX)  7.25  50.0 

3 72  24.16  68.60  2.18  5.06  57.0 

4 120  24.89  67.36  2.35  5.40  53.0 

Series  2, 

1 46  31.80  62.33  1-93  3-94  47-6 

2 84  31.06  60.33  2.77  5.84  93-6 

3 140  23.15  67.69  2.60  6.56  50.0 

4 164  22.69  69.10  3.10  5.11  57.6 

With  this  sample  of  peptone  there  was  a  marked  fall  in  the 
amount  of  gas  produced,  only  about  one-half  the  usual  quantity 
being  obtained.  Bulb  i,  of  Series  i,  Table  IV,  had  made  no 
methane  at  the  end  of  twenty-four  hours,  but  at  the  expiration 
of  forty-eight  hours,  2  per  cent,  was  present  in  No.  2.  The 
amount  of  carbon  dioxide  is  distinctly  less  than  that  usually 
found. 

VARIATION  IN  AMOUNT  OF  GASES  PRODUCED. 

A  study  of  the  results  which  have  been  obtained  discloses  an 
interesting  relation  from  the  standpoint  of  time  variation. 
Table  I,  Series  1,2,  and  3,  were  made  under  conditions  as  con- 
cordant as  possible  and  should  therefore  be  comparable.  Uni- 
ting these  three  tables  into  one  we  get  the  following  : 

Tabi^e  V. 

Duration  of       Carboa  Total 

experiment,      dioxide.         Hydrogen.      Methane.        Nitrogen.        volume. 
No.  Hours.         Per  cent.  Per  cent.         Per  cent.         Per  cent.  cc. 

1 36  34.50  63.20  1. 00  1.30  82.0 

2 48  34-00  63.00  1.5  1.50  93.0 

3 60  33.83  62.69  1.86  1.62  93.4 

4 72  26.6  65.3  4.30  3.80  98.0 

5 72  27.5  66.3  3.00  3.20  98.0 

6 72  26.45  65.82  3.61  4.12  64.0 

7 84  27.03  69.88  1.02  2.07  83.0 

8 120  28.00  66.5  2.00  3.05  90.0 

9 144  28.48  75.83  1. 1 3  4.56  80.0 

10 168  23.75  70.13  1. 15  4.97  67.0 

II 192  23.59  69.88  2.38  4.95  65.0 
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There  is  here  a  marked  difference  in  the  quantitative  relatioos 
of  the  various  gases  according,  apparently,  to  the  stge  of  the  cul- 
ture. Charting  these  results,  Plate  !»  we  get  a  curve  which  at 
the  end  of  thirty-six  hours  shows  a  maximum  quantity  of  carbon 
dioxide.  Seventy-two  hours  shows  a  decrease  in  carbon  dioxide 
with  a  corresponding  gain  in  hydrogen.  During  both  of  these 
periods  the  nitrogen  and  methane  increase  slowly  but  steadilj, 
and  are  about  equal  in  amount,  the  only  exception  being  No.  5, 
eighty-four  hours,  in  which  there  is  a  marked  absence  of  both 
these  gases.  The  third  period  is  marked  by  a  second  rise  in  the 
amount  of  carbon  dioxide,  which  is,  however,  slight,  the  hydro- 
gen remaining  about  stationary.  The  methane  now  falls  behind 
but  the  nitrogen  is  increased,  an  increase  which  is  maintained  in 
the  last  period,  though  here  the  carbon  dioxide  is  reduced  to  a 
minimum  and  the  hydrogen  rises  to  a  maximum. 

Uniting  the  series  under  Table  III,  and  Table  IV,  we  get 
Tables  VI  and  VII  (Plate  II  and  III),  where  we  find  that  the 
same  principle  holds  good,  though  the  length  of  time  occupied 
by  the  different  stages  is  not  exactly  the  same  in  all  cases. 


Duration  of 
experiment. 
No.  Hours. 

1 24 

2 46 

3 48 

4 84 

5 120 

6 140 

7 144 

Duration  of 
experiment. 
No.  Hours. 

1 24 

2 46 

3 48 

4 72 

5 84 

6 120 

7 140 

8 164 


Carbon 
dioxide. 
Per  cent. 

34.80 

35.58 

30.2 

32.27 

28.11 

30.00 

30.41 

Carbon 
dioxide. 
Per  cent. 

33.41 
31.80 

25.77 
24.16 

31.06 
24.89 

23-15 
22.69 


Tablb  VI. 

Hydrogen. 
Per  cent. 

65.11 

60.34 
62.83 

61.39 
64.6 

62.72 

62.88 


Methane. 
Per  cent. 


1.34 
1.63 
1.80 
1.80 
1.78 

1.77 


Tabids  VII. 


Hydrogen. 
Per  cent. 

64.07 

62.33 

64.98 

68.60 

60.33 
67.36 

67.69 

69.10 


Methane. 
Per  cent 


1.93 
2.00 

2.18 

2.77 

2.35 
2.60 

3.10 


Nitrogen. 
Per  cent. 

0.09 

2.74 

5-34 
4.54 
5-49 
5.50 
4.94 


Nitrogen. 
Per  cent. 

2.52 

3.94 
7.25 
5.06 

5.84 
540 
6.56 

5-II 


Total 
Tolame. 
cc. 

100.0 
97.S 

97.4 
94.8 
86.8 
98.0 
96x> 

Total 
Tolamc 
cc. 

52.2 

47.6 

50.00 

57.00 

39-6 

5300 
50.00 

57.6 


BACILI^US  COU   COMMUNIS.  567 

There  seems  to  be,  on  the  whole,  an  intimate  relation  between 
the  reducing  power  which  liberates  hydrogen  and  that  which 
liberates  nitrogen.  Carbon  dioxide  is  generated  in  greatest 
quantity  at  the  outset,  when,  perhaps,  the  available  oxygen  is 
most  plentiful  and  i)oisonous  waste  products  are  in  smallest  pro- 
portion. The  reducing  power  gains  strength  in  the  latter  stages, 
when  the  conditions  for  carbon  dioxide  production  are  not  favor- 
able. If,  as  some  investigators  maintain,  the  denitrifying  abil- 
ity of  Bacillus  coli  communis  is  due  to  a  secondary  action  rather 
than  to  a  primary  one,  the  rise  in  carbon  dioxide  after  gas  pro- 
duction has  been  maintained  for  some  hours  may  be  accounted 
for  on  the  supposition  that  those  substances  produced  by  the 
organism  which  liberate  nitrogen  have,  through  the  reaction 
involved  in  that  liberation,  been  so  altered  that  their  toxicity  for 
the  bacteria  is,  in  part  at  least,  removed.  The  carbon  dioxide 
function  then  asserts  itself,  producing  again  products  which  are 
hurtful.  These,  combined  with  those  already  present,  resolutely 
check  the  liberation  of  carbon  dioxide.  The  hydrogen-produ- 
cing function,  as  well  as  the  nitrogen,  can  stiU  maintain  its 
existence  for  a  time,  thereby  raising  the  relative  proportions  of 
those  gases. 

We  believe  that  the  irregularity  of  the  foregoing  results,  even 
when  made  with  the  greatest  care  that  we  could  bestow,  is  worthy 
of  consideration.  For  the  very  great  majority  of  these  variations 
we  can  offer  no  definite  explanations.  It  seems  to  us  that  refine- 
ment in  manipulation  brings  to  view  variations  which  can  only 
be  due  to  life  conditions,  to  cope  with  which  our  methods  are 
incalculably  clumsy.  Until  these  methods  are  improved  the  quan- 
titative chemistry  of  the  living  cell  cannot  progress  very  far,  and 
it  is  with  the  plea  for  further  work  along  these  lines  that  this 
communication  is  made. 


[Contribution  from  the  Chemicai,  Division  of  the  U.  S.  Depart- 
ment OF  Agricui^ture,  No.  38.    Sent  by  H.  W.  Wiley.] 

THE  ADULTERATION   AND  ANALYSIS  OF  THE  ARSEN- 

ICAL  INSECTICIDES. 

By  J.  K.  Haywood. 
Received  July  6,  tgoo. 

IN  the  following  paper  I  will  first  give  a  r^suiii6  of  what  has 
been  done  in  the  analysis  of  insecticides,  showing  which  are 
usually  pure  and  which  often  adulterated,  and  laying  particular 
stress  on  the  arsenical  insecticides,  which  are  of  the  most  impor- 
tance now  on  the  market.  This  will  be  followed  by  a  series  of 
carefully-tested  methods  for  the  analysis  of  the  more  common 
insecticides,  with  the  results  indicated. 

Various  groups  of  insects  act  harmfully  on  plants  and  require 
special  methods  of  treatment  to  kill  them.  Among  these  classes 
of  insects  may  be  mentioned  subterranean  insects,  household 
pests,  animal  parasites,  internal  feeders,  etc.  The  insects  which 
principally  injure  plants,  however,  and  for  which  insecticides 
are  usually  applied,  are  external  feeders,  which  include  **biting" 
and  '*sucking"  insects. 

For  the  first,  or  ** biting"  insects,  some  substance  is  used  which 
can  be  sprayed  on  the  parts  of  the  tree  attacked,  and. then  eaten 
by  the  insect  with  its  food.  Such  substances  are  Paris  green, 
Scheele  green,  I^ondon  purple,  lead  arsenate  and  arsenite,  bar- 
ium arsenite,  arsenious  oxide,  etc. 

For  the  second  group,  or  * 'sucking'*  insects,  substances  must 
be  used  which  will  act  externally  on  the  bodies  of  the  insects 
and  smother  them  either  by  closing  their  pores  or  filling  the  air 
around  with  poisonous  vapors.  Among  the  latter  insecticides 
may  be  mentioned  insect  powder,  sulphur,  kerosene,  hydrocy- 
anic acid,  carbon  disulphide,  ammonia,  formalin,  etc.  £xperi- 
ence  has  proved  that  a  great  many  of  the  insecticides  mentioned 
above  are  nearly  always  pure  as  they  occur  in  commerce.  There 
are  certain  ones,  however,  which  often  show  adulteration,  among 
them  being  cupric  carbonate  (impure  because  of  faulty  methods 
of  manufacture),  potassium  cyanide,  potash  lye  (which  is  often 
sodium  hydroxide),  formalin  (which  should  be  a  40  per  cent, 
solution  of  formaldehyde,  but  often  is  not),  and  most  of  the 
arsenical  preparations. 
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I  will  not  attempt  to  go  into  the  adulteration  of  all  the  articles 
mentioned  above,  but  will  lay  particular  stress  on  the  adultera- 
tion of  the  arsenicals.  These  include  Paris  green,  Scheele 
green,  London  purple,  arsenious  oxide,  lead  arsenate,  white 
arsenoid,  pink  arsenoid,  green  arsenoid,  paragrene,  etc. 

Paris  green  is  supposed  to  be  copper  acetoarsenite  and  to  con- 
tain 31.29  per  cent,  copper  oxide,  58.65  per  cent,  arsenious 
oxide,  and  10.06  per  cent,  acetic  acid. 

Scheele  green  is  supposed  to  be  copper  hydrogen-arsenite  and 
to  contain  42.37  per  cent,  copper  oxide,  52.32  per  cent,  arsenious 
oxide,  and  4.81  per  cent,  water. 

London  purple  is  a  by-product  in  the  manufacture  of  the  ani- 
line dyes  and  is  thought  to  be  composed  mainly  of  calcium  arse- 
nite  with  some  coloring  impurity,  mostly  rosaniline  arsenite. 

Besides  London  purple  there  are  two  other  preparations, 
Paris  and  English  purple,  which  have  practically  the  same 
composition. 

Of  course  arsenious  oxide  should  be  nearly  pure,  but  in  the 
crude  state  it  may  contain  from  8  to  10  per  cent,  of  cinders  and 
other  impurities. 

White  arsenoid  is  supposed  to  be  barium  arsenite  ;  pink  arse- 
noid is  supposed  to  be  lead  arsenite;  and  green  arsenoid  is  sup- 
posed to  be  copper  arsenite. 

Paragrene  is  a  patented  article  which  is  said  to  be  free  from 
the  objectionable  features  of  Paris  green,  in  that  it  never  scorches 
the  foliage. 

Excepting  the  arsenious  oxide,  all  of  the  above  preparations 
may  be,  and  often  are,  adulterated  in  one  of  three  ways: 

I.  Some  colored  substance  may  be  used  to  represent  the  com- 
pound, which  will  contain  none  of  the  elements  which  should  be 
in  the  true  compound.  For  example,  samples  have  been  ana- 
lyzed which  were  labeled  Paris  green,  but  which  contained 
neither  arsenious  oxide  nor  copper.  Such  imitations  are  usually 
harmless  to  the  plant,  but  are  equally  harmless  to  the  insect. 
Such  a  fraud  as  the  above  was  noticed  at  the  Alabama  Station,^ 
where  a  sample,  called  Paris  green,  was  found  to  be  composed 
of  Prussian  blue,  chrome-yellow,  and  some  inert  substance,  such 
as  clay  or  chalk. 
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2.  Some  substance  or  substances  may  be  added  to  the  insecti- 
cides to  increase  their  weight  or  to  change  their  color,  for  use  in 
making  pigments.  For  example,  Paris  green  is  often  adulter- 
ated with  calcium  sulphate,  calcium  carbonate,  lead  chromate, 
etc.  This  second  form  of  adulteration  is  practiced  more  often  in 
Germany  than  in  America. 

3.  There  may  be  arsenical  insecticides  containing  a  low  per 
cent,  of  arsenious  oxide  in  combination.  It  will  be  noticed  that 
I  say  in  combination.  Many  of  the  insecticides  contain  enough 
arsenic  to  include  them  in  the  class  of  high-grade  articles,  but 
this  arsenic  is  often  not  in  combination  as  it  should  be,  but 
present  as  free  arsenious  oxide,  thus  forming  a  substance  which 
will  scorch  the  foliage  of  the  tree. 

The  last  of  these  three  forms  of  adulteration  is  the  most  com- 
mon in  America,  and  must  be  considered  as  a  fraud  when  we 
remember  that  free  arsenious  oxide  not  only  scorches  the  foliage, 
but  is  usually  much  cheaper  than  the  compound,  which  ought 
to  be  present.  Sometimes  it  appears  that  the  free  arsenious 
oxide  is  added  purposely  ;  sometimes  it  is  free  because  of  faulty 
methods  of  manufacture. 

Paris  green,  or  copper  acetoarsenite,  has  been  repeatedly 
analyzed  at  the  New  Jersey  Argricultural  Experiment  Station,' 
and  has  been  found  to  range  in  percentage  of  arsenious  oxide 
from  41.54  to  68.59  per  cent.  The  excessively  high  percentage 
of  arsenious  oxide  indicates  that  this  cheaper  substance  had  been 
added  to  the  Paris  green.  Again,  a  sample  of  Paris  green  has 
been  recently  analyzed  at  the  California  Agricultural  Experiment 
Station,'  which  contained  31.25  per  cent,  copper  oxide  and  52.90 
per  cent,  arsenious  oxide,  but  23.60  per  cent,  of  arsenious  oxide, 
or  nearly  one-half,  was  in  the  free  state.  There  were,  besides,  small 
amounts  of  impurities,  including  lime,  soda,  silica,  sulphur 
trioxide,  zinc  oxide,  etc.  This  most  likely  represents  a  sample 
where  faulty  methods  of  manufacture  were  used. 

Another  sample  of  Paris  green,  analyzed  at  the  New  Hamp- 
shire Station,'  was  found  to  have  the  following  composition: 

I  Report,  1897.  pages  397-492- 
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Per  cent. 
Arsenioas  oxide  (does  not  say  whether  free  or  combined)  •  •  30.00 
Insoluble  in  hydrochloric  acid 43*30 

This  insoluble  portion  was  composed  mainly  of  silica  and 
oxides  of  iron  and  alumina,  thus  indicating  that  clay  was  the 
adulterant  used. 

Again  at  the  Massachusetts  Hatch  Experiment  Station,^  two 
samples  of  so-called  pure  Paris  greens  were  analyzed,  which, 
not  including  various  small  amounts  of  impurities,  had  the  fol- 
lowing compositions : 

Per  cent.    Per  cent 
Water  at  100° ' 5.00         4.29 

Arsenious  oxide • 58.44  63.98 

Copper  oxide 8.30  6.60 

Calcium  oxide i4'5o  15*98 

Sulphur  trioxide 7.56  5.80 

The  above  analyses,  of  course,  show  adulteration  with  calcium 
sulphate.  Samples  of  Paris  green  analyzed  in  Germany  have 
been  found  to  contain  calcium  sulphate,  barium  sulphate,  lead 
chromate,  lead  sulphate,  calcium  carbonate,  etc.  One  especially 
contained  25  per  cent,  of  barium  sulphate  and  6.56  per  cent, 
of  lead  chromate.' 

As  to  Scheele  green,  the  same  adulterants  are  found  as  in 
Paris  green.  In  a  sample  which  I  have  just  analyzed,  the  ar- 
senious oxide  and  copper  oxide  appear  in  nearly  theoretical  pro- 
portions, but  n  per  cent,  of  the  arsenious  oxide  is  in  the  free 
condition,  thus  making  the  sample  worthless,  unless  previously 
treated  with  lime. 

As  to  London  purple,  a  sample  analyzed  at  the  New  Jersey 
Station  showed  the  following  composition  : 

Per  cent. 

Water 3.27 

Arsenious  oxide 4i>44 

Calcium  oxide 24.32 

Alumina  and  iron 3.37 

Sulphur  trioxide 0.31 

Dye  by  difference 27.97 

The  arsenic  in  this  sample  was  found  to  be  present  in  the 
form  Ca,(AsOj)„  or  the  normal  arsenite,  but  about  15  per  cent. 
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was  soluble ;  therefore,  although  this  sample  was  not  adulterated, 
the  analysis  shows  very  careless  making,  as  the  manufacturets 
could  just  as  easily  have  boiled  with  enough  lime  in  the  begin- 
ning. The  process  of  manufacture,  by  the  way,  is  to  boil  a 
waste  product  consisting  of  dyeandarsenious  oxide  with  lime,  to 
make  the  insoluble  calcium  arsenite.  Samples  of  London  purple 
have  been  analyzed  at  the  Cornell  Station/  South  Carolina 
Station,'  the  Florida  Station,'  and  elsewhere,  and  wherever  sol- 
uble arsenious  oxide  was  determined  it  was  found  to  be  present 
in  large  amounts.  It  will  also  be  easily  seen  that,  owing  to  tbe 
intense  color  of  London  purple,  various  substances  might  be 
added  to  increase  the  weight  without  being  perceptible  to  the 
naked  eye. 

White  arsenoid,  which  is  supposed  to  be  barium  arsenite,  has 
recently  been  analyzed  at  the  California  Station^  and  found  to 
possess  the  following  composition  : 

Percent 

Barium  carbonate 44.05 

Barium  chloride • 13.05 

Barium  oxide 8.18 

Arsenious  oxide,  free 27.64 

Lead  carbonate 1.86 

Silica  • 0.20 

Water 4.00 

It  will  be  seen  that  the  only  substance  giving  to  this  prepara- 
tion any  value  as  an  insecticide  is  arsenious  oxide,  and  since 
this  is  in  the  free  state,  it  is  harmful  to  the  foliage.  The  barium 
salts  are  present  only  to  give  weight. 

Pink  arsenoid  is  supposed  to  be  lead  arsenite.  A  recent 
analysis  made  at  the  California  Agricultural  Experiment 
Station^  showed  that  it  had  the  following  composition : 

Perc«iiL 

Lead  oxide 49.58 

Arsenious  oxide,  combined 40.02 

Arsenious  oxide,  free 3.24 

Water 0.31 

Organic  matter  from  aniline  residue  and  lead  sulphate* •••     6.85 

1  Bulletin  No.  18. 
a  S.  C.  Report.  1888,  page  142. 
8  Florida  Station  Bulletin  No.  14. 
«  Bulletin  No.  126. 


ARSKNICAI.  INSECTICIDES.  573 

This  preparation  is  evidently  unadulterated  and  has  given 
very  good  results. 

Green  arsenoid,  or  copper  arsenite,  analyzed  at  the  California 
Station/  showed  the  following  composition  : 

Per  cent 

Arsenious  oxide 6i*33 

Copper  oxide 28.83 

Water 2.77 

Silica 0.40 

Organic  material,  sodium  sulphate,  etc. 6.67 

7.82  per  cent,  of  this  arsenious  oxide  was  soluble. 

Paragrene  has  also  recently  been  analysed  at  the  California 
Station  and  found  to  owe  its  poisonous  properties  mainly  to  ar- 
senious acid  and  copper  oxide.  It  contains  23.46  per  cent,  cop- 
per oxide  and  40.60  per  cent,  of  arsenious  oxide,  but  23.08  per 
cent,  of  this  is  free.  It  also  contains  19.31  per  cent,  of  gypsum 
to  add  weight.  The  preparation  is  therefore  harmful  to  the 
plant. 

In  the  Canada  Experimental  Farm  Report  of  1895,  page  220, 
mention  is  made  of  lead  arsenate.  This  substance  is  obtained 
by  the  action  of  sodium  arsenate  on  lead  acetate.  It  is  there 
stated  that  there  is  no  reason  lead  arsenate  so  manufactured 
should  contain  impurities,  but  that  it  often  does,  how^ever, 
because  of  the  original  impurities  in  the  sodium  acetate,  a  by- 
product obtained  in  the  manufacture  of  aniline  dyes. 

Arsenious  oxide,  because  of  its  method  of  preparation,  may, 
in  the  crude  state,  contain  from  2  to  10  per  cent,  of  arsenious 
sulphide  and  ore  dust  as  impurities,  it  being  usually  prepared  by 
roasting  mispickel  or  tin  ores. 

I  must  not  leave  this  subject  without  calling  attention  to  two 
insecticides,  called  respectively  **  Peroxide  of  Silicates'*  and 
**  Hammond's  Slug  Shot.**  The  first,  on  analysis  at  the  Vermont 
Station,'  was  shown  to  have  the  following  composition : 

Per  cent. 

Water  .  •• 1.44 

Arsenious  oxide 1.47 

Copper  oxide 0.28 

Lime 36.43 

Sulphur  trioxide 52.29 

Ferric  oxide  and  aluminum  oxide 1.40 

Sand 1.93 

Organic  and  volatile  matter 4.76 

1  Bulletin  Vo.  126. 
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It  is  needless  to  say  that  this  sample,  composed  mostly  of  cal- 
cium sulphate,  did  not  give  good  results. 

"  Hammond's  Slug  Shot,"  by  an  analysis  made  at  the  Ver- 
mont Experiment  Station/  was  shown  to  have  the  followiD^ 
composition : 

PerctBt 

Water  of  hydration 14.76 

Arsenious  oxide 1.58 

Cupric  oxide oio 

Lime 30.24 

Sulphur  trioxide 43.02 

Ferric  oxide  and  aluminum  oxide 0.79 

Sodium  chloride • 2.83 

Insoluble 1.38 

Organic  and  volatile  matter  (mostly  dead  oil  by  difference) 4.79 

Here  again  it  will  be  seen  that  in  buying  the  above  substance 
one  is  paying  a  pretty  good  price  for  an  article  composed  almost 
entirely  of  calcium  sulphate. 

I  have  gathered  together  a  bibliography  of  the  arsenical  in- 
secticides, of  which  the  examples  presented  above  form  only  a 
small  fraction.  These  are,  however,  fairly  representative  of  the 
different  classes  of  adulterants. 

ANALYSIS  OP   INSECTICIDES. 
(Paris green  and  Scbeele  green.) 

Recently  it  became  necessary  for  me  to  make  analyses  of 
various  arsenical  insecticides,  but  on  looking  up  the  matter  I 
found  that  few  good  methods  had  been  published.  Many  of  the 
Stations  had  partially  analyzed  these  substances,  but  even  the 
methods  employed  in  these  partial  analyses  were  not  given.  I 
therefore  decided  to  test  some  of  the  few  more  promising  methods 
which  are  known,  and  where  methods  were  not  known,  try  to 
work  them  out  on  the  following  substances  :  Paris  green,  Scheele 
green,  London  purple,  and  white  arsenic. 

An  analysis  of  Paris  green  would  include  determinations  of 
total  and  soluble  arsenious  oxide,  copper  oxide,  moisture,  acetic 
acid,  and  matter  insoluble  in  dilute  hydrochloric  acid.  An 
analysis  of  Scheele  green  would  include  determinations  of  all 
the  substances  named  above,  except  acetic  acid.     An  analysis 
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of  white  arsenic  would,  of  course,  include  only  the  determina- 
tions of  water  and  total  arsenious  oxide  to  ascertain  the  purity. 
A  determination  of  the  moisture  in  Paris  green  is  made  in  the 
usual  way  by  drying  for  twelve  to  fifteen  hours,  at  the  tempera- 
ture of  boiling  water.     On  two  samples  the  results  were  : 

A.  B. 

Per  cent.    Per  cent 

Moisture  1.30         0.99 

1.  For  a  determination  of  the  total  arsenious  oxide,  I  first 
tried  the  well-known  method,  as  given  by  Fresenius,  of  dis- 
solving in  hydrochloric  acid,  oxidizing  to  arsenic  acid  with 
potassium  chlorate,  driving  off  the  chlorine  at  a  gentle  heat, 
making  ammoniacal,  precipitating  with  magnesia  mixture,  filter- 
ing and  washing  in  a  Gooch  crucible,  putting  a  cap  on  the  cruci- 
ble drying  first  at  100**  and  then  at  130°  C. ,  heating  on  a  sand-bath, 
then  on  an  iron  plate,  and  finally  heating  over  the  blast-lamp  and 
weighing  as  magnesium  pyroarsenate.  This  method,  however, 
in  the  first  place,  is  very  long  because  of  the  time  taken  in  get- 
ting rid  of  the  chlorine  and  in  igniting  the  precipitate  by  degrees; 
secondly,  there  is  great  danger  of  loss  of  the  arsenic,  as  arseni- 
ous chloride  ;  and  thirdly,  the  precipitate  of  ammonium  magne- 
sium arsenate  is  somewhat  soluble  in  the  ammonia  wash  and 
has  not  quite  the  theoretical  composition.  After  obtaining 
rather  varying  results,  this  method  was  abandoned. 

2.  I  next  tried  to  determine  the  arsenic  by  the  following 
method  :  Oxidize  the  Paris  green  in  a  small  flask,  closed  with 
a  funnel  on  the  steam-bath,  by  means  of  fuming  nitric  acid. 
Pour  out  in  a  dish  and  evaporate  to  dryness;  take  up  with 
hydrochloric  acid  and  proceed  as  in  the  first  method,  finally 
weighing  the  arsenic  as  magnesium  pyroarsenate.  This  plan 
shortens  the  time  necessary  to  determine  the  arsenic  and  rids 
one  of  the  danger  of  loss  as  arsenious  chloride,  but  there  is  still 
present  the  third  source  of  error,  mentioned  above.  Proceeding 
in  this  way,  I  obtained  the  following  results  on  two  samples  of 
Paris  green  (*'A  and  B*').  and  on  a  sample  of  dry,  chemically 
pure  arsenious  oxide :  ^ 

^  In  every  case  where  the  arsenic  was  weighed  as  magnesium  pyroarsenate,  a  cor- 
rection was  made  of  0.0008  gram  magnesium  pyroarsenate,  for  each  30  cc.  of  ammoniacal 
filtrate  tontaining  an  excess  of  magnesium  mixture  as  suggested  by  Fresenius. 
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ArKnkmi  ozidc 
Pwcent 

Paris  green.  *'A" |56.03 

Paris  green,  "B" |5|^ 

ArsenioiAS  oxide,  C.  P |  ^'^ 

3.  I  next  tried  a  method  suggested  by  Thorn  Smith.'   As 
described  by  himself,  the  method  is  as  follows  : 

**  Two  grams  of  Paris  green  are  weighed  out  and  about  100 
cc.  of  water  and  2  grams  of  sodium  hydroxide  added.  The 
solution  is  brought  to  a  boil  and  the  boiling  is  continued  for  a 
few  minutes  (thus  precipitating  copperas  cuprous  oxide).  It  is 
then  allowed  to  cool  to  room  temperature  and  the  solution  made 
to  250  cc.  The  well-shaken  liquid  is  filtered  through  a  dry  fil- 
ter and  50  cc.  taken  for  analysis.  This  portion  is  concentrated 
to  about  one-half  of  its  volume  and  allowed  to  cool  to  about  So'^C. 
An  equal  volume  of  strong  hydrochloric  acid  is  then  added, 
accompanied  by  3  grams  of  potassium  iodide,  and  the  whole 
allowed  to  stand  for  ten  minutes  (to  reduce  the  arsenic  oxide  to 
arsenious  oxide) .  The  deep  red  solution  is  slightly  diluted  with 
water  to  dissolve  the  precipitate  caused  by  the  potassium  iodide, 
and  a  dilute  solution  of  sodium  hyposulphite  added,  until  the 
color  just  disappears.  This  solution  is  then  made  neutral  by 
the  addition  of  dry  sodium  carbonate  and  finally  an  excess  of 
sodium  bicarbonate  is  added.  Tenth  normal  iodine  is  dropped 
in  and  the  end  reaction  noted  by  the  starch  solution." 

In  applying  this  method,  I  used  one  or  two  precautions,  not 
mentioned  by  Smith  ;  namely,  instead  of  making  neutral  with 
dry  sodium  carbonate  and  very  likely  getting  in  an  excess,  I 
added  dry  sodium  carbonate  until  the  bubbles  came  off  slowly, 
showing  that  the  acid  was  really  neutralized,  and  then  sodinm 
bicarbonate  to  neutrality  and  some  in  excess.  This  was  done, 
because  if  any  free  sodium  carbonate  is  present  it  will  itself  act 
on  the  iodine  solution.  Again,  after  using  up  the  iodine  which 
was  set  free  in  reducing  the  arsenic  to  arsenious  oxide  by  sodium 
hyposulphite,  the  solution  wtis  immediately  diluted,  since  theair 

^This  Journal,  ax,  769. 
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is  apt  to  act  on  the  hot,  concentrated  solution  of  hydriodic  acid 
and  set  free  some  iodine  if  this  is  not  done/ 

On  applying  this  method  to  the  two  samples  of  Paris  green 
("A"  and  **B")  and  the  dry,  chemically  pure  arsenious  oxide 
the  following  results  were  obtained  : 

Arsenious  oxide. 
Per  cent. 

Paris  green  ''A** |  S^.SS 

Paris  green  *'B" /   f7-^5 

I  57-45 


IOO.IO 

Arsenious  oxide,  C.  P.* -j  loo.  lo 

99.86 


{ 


It  will  not  be  out  of  place  here  to  speak  of  the  standardization 
of  the  iodine  solution^  since  it  is  upon  the  correctness  of  this  stand- 
ardization that  the  accuracy  of  the  above  method  depends.  A 
great  many  text-books  give  the  following  method  for  standardi- 
zing the  iodine  solution  : 

Weigh  out  a  small  portion  of  dry,  chemically  pure  arsenious 
oxide,  dissolve  in  sodium  hydroxide,  make  slightly  acid  with 
hydrochloric  acid,  and  then  add  an  excess  of  sodium  bicarbon- 
ate. Run  in  the  iodine  solution,  using  starch  as  an  indicator, 
until  the  blue  color  appears. 

I  used  this  method  of  standardizing  at  first,  but  it  soon 
seemed  to  me  that  perhaps  it  was  not  correct,  since  the  literature 
on  the  subject  speaks  of  the  alkali  arsenites  being  partially 
oxidized  to  the  * 'arsenates"  upon  boiling  the  solution,  exposed 
to  the  air.  1  therefore  used  a  dry,  chemically  pure  portion  of 
arsenious  oxide  and  carried  it  through  by  the  Thorn  Smith 
method,  standardizing  my  iodine  solution  against  the  arsenious 
oxide,  as  finally  reduced  by  potassium  iodide.  In  every  case, 
I  found  that  on  adding  potassium  iodide  to  the  hydrochloric 
acid  solution  of  the  arsenite  some  iodine  was  set  free,  showing 
that  a  small  amount  of  arsenate  had  been  formed,  which  should 
be  reduced  before  running  in  the  iodine  solution. 

Applying  these  two  methods  to  an  approximately  tenth-normal 

I  Gooch  and  Browning  :  Am.  J.  Sci.,'^o,  66  (1S90). 

3  The  iodine  solution  for  the  determination  of  arsenic  trioxide  in  the  chemically 
pure  arsenic  trioxide  was  not  standardized  against  arsenious  oxide,  but  against  sodium 
hyposulphite,  which  had  in  turn  been  standardized  against  the  amount  of  iodine  set 
free,  when  potassium  iodide  acts  on  a  weighed  quantity  of  potassium  dichromate  in  the 
presence  of  hydrochloric  acid. 
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iodine  solution,  I  obtained  by  the  old  method  of  standardization 
I  cc.  iodine  solution  =  0.012607  gram  iodine,  and  by  the  Smith 
method  of  standardization  i  cc.  iodine  solution  =  0.012484  gram 
iodine.  It  will  at  once  be  seen  that  the  errors  caused  by  the 
sodium  arsenite  partially  oxidizing  to  sodium  arsenate  is  larger 
than  should  be  allowed  in  a  standard  solution. 

A  determination  of  the  copper  oxide  in  Pans  green  was  made 
in  the  following  well-known  manner : 

The  cuprous  oxide  obtained  in  the  Thorn  Smith  method  by 
boiling  the  Paris  green  with  sodium  hydroxide  was  poured  on 
the  filter  (after  taking  an  aliquot  portion  of  the  solution  for  the 
determination  of  arsenious  oxide)  and  well  washed  with  hot 
water.  It  was  then  dissolved  with  hot  dilute  nitric  acid  and 
made  to  a  volume  of  250  cc,  one-fifth  being  taken  for  analysis. 
The  copper  in  solution  was  determined  either  by  means  of  the 
galvanic  current  or,  when  that  was  not  handy,  in  the  following 
manner : 

The  nitric  acid  solution  was  made  alkaline  with  sodium  car- 
bonate, then  made  slightly  acid  with  acetic  acid,  and  about  ten 
times  the  weight  of  the  copper  in  potassium  iodide  added. 
When  it  was  all  dissolved,  the  free  iodine  was  titrated  with  a 
standard  solution  of  sodium  hyposulphite,  using  starch  as  indi- 
cator. The  full  details  of  this  method  are  given  in  Sutton's 
*' Volumetric  Analysis,'*  third  edition,  page  133.  The  results 
on  the  two  samples  of  Paris  green  by  this  method  were  as  follows: 


.  Cupric  oxide. 
Per  cent 


Paris  green  **A" 


Paris  green  "B" 


The  figure  for  acetic  acid  in  Paris  green  is  usually  obtained 
by  subtracting  the  sum  of  total  arsenious  oxide,  water,  cupric 
oxide,  and  residue  left  after  treating  with  dilute  hydrochloric 
acid,  from  100. 

As  to  the  determination  of  soluble  arsenic  in  Paris  green,  I 
could  find  very  little  in  the  literature  on  the  subject  which  was 
of  any  value.     I  therefore  tried  several  schemes: 
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1.  I  weighed  i  gram  of  Paris  green  on  a  filter-paper  and 
washed  it  with  cold  water.  Each  time  200  cc.  •  were  obtained, 
sodium  bicarbonate  was  added  and  the  solution  titrated  with 
iodine  solution.  After  about  2,000  cc.  of  wash  liquor  had  been 
used  the  filtrate  was  still  slowly  gaining  in  arsenious  oxide.  The 
method  was  therefore  abandoned  as  impracticable. 

2.  I  weighed  out  several  i-gram  samples  of  Paris  green  and 
treated'  these  in  flasks  with  500  cc.  of  water.  The  flasks  were 
stoppered  and  occasionally  shaken  each  day.  Every  few  days 
an  aliquot  portion  of  100  cc.  was  filtered  off  from  one  of  the 
flasks  and  the  arsenious  oxide  titrated  with  iodine  after  the  ad- 
dition of  sodium  bicarbonate.  The  results  on  the  samples  of 
Paris  green  (**A'*  and  **B")  were  as  follows: 


Paris  green  "A 


ii         it 


(I         (< 

It  (I 


Time. 
Days. 

Arsenious  oxide 

extracted. 

Per  cent. 

2 

1. 01 

4 

1.68 

8 

2.69 

II 

4.02 

14 

4.02 

9 
12 

3.41 
4.86 

14 

4.86 

It  will  thus  be  seen  that  this  method  finally  gave  constant 
and  very  likely  correct  results.  It  is  rather  long,  but  very  little 
attention  or  time  had  to  be  given  after  the  first  weighing  out. 

3.  To  expedite  matters,  I  next  tried  the  following  method  for 
determining  the  soluble  arsenious  oxide.  One-half  gram  of 
Paris  green  was  weighed  out,  placed  in  a  flask  and  treated  with 
about  200  cc.  of  water.  This  was  digested  with  occasional 
shaking  on  the  water-bath  at  50*^  to  60°  C,  and  each  day  all  of 
the  water  poured  off  through  a  filter,  and,  after  retiirning  all  of 
the  substance  from  the  filter  to  the  flask,  a  fresh  portion  of  water 
was  added  and  the  digestion  continued.  The  arsenious  oxide 
was  determined  by  means  of  a  standard  iodine  solution.  The 
results  on  the  samples  of  Pari^  green  (*'A**  and  **B**)  were  as  fol- 
lows: 
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Paris  green  "A** 
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Time. 
Day*. 

I 

2 

3 
4 

5 
6 

7 
I 

2 

3 
4 

5 
6 

7 


Arsenious  oxide  extracted. 
Per  cenL 

3.41 

3.41  +  2.14=  5.55 

5.55  +  1.56=  7.II 

7.11  +  1.17=  8.28 

8.28+1.26=  9.54 
9.54  +  1.56=11.10 
Still  gaining. 
2.24 

2.24  +  1.46=  3.70 

3.70  +  1.26  =  4.96 

4.96+1.17=  6.13 

6.13  +  1.17=  7.30 

7.30+1.56=  8.86 
Still  gaining. 


It  will  thus  be  seen  that  a  hot  extraction  can  not  be  used, 
since  the  Paris  green  either  breaks  up  or  goes  into  solution  in 
the  presence  of  hot  wate^,  the  amount  of  arsenious  oxide  going 
into  solution  each  day  being  finally  nearly  constant. 

The  same  methods  for  determining  the  constituents  of  Scheele 
green  were  used  as  those  for  Paris  green  mentioned  above.  On 
one  sample  the  moisture  was  5.27  per  cent. 

The  total  arsenious  oxide  was  as  follows : 

By  Method    i.  Oxidation   with  HCl  and  KCIO, Not  tried 

By  Method    2.  Oxidation    with  HNO, j^gj 

By  Method  3.  Thorn  Smith (^|-39 

The  determination  of  the  cupric  oxide  by  the  method  men- 
tioned  above  gave  the  following  results  : 

Cupric  oxide {^^ 

The  soluble  arsenious  oxide  determination  gave  the  following 
results  by  the  various  methods : 

1.  Washing  on  filter.     Not  tried. 

2.  Extracting  with  500  cc.  cold  water  : 

Time. 
Days. 

6 


Arsenious  oxide  extracted. 
Per  cent 


9 
21 

34 
36 


13.09 
14.30 

16.26 

16.73 
17.82 

17.70 
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3.  Extracting  with  water  at  50*  to  60**  C. : 

Time.  ArseniouB  oxide  extracted. 

Days.  Per  cent 

1    13.43 

2    1343 +  3.70  =17.13 

3  17.13  +  1.85  =  18.98 

4  ..» 18.98  +  0.87=19.85 

5  19.85+0.78  =  20.63 

6 20.63  +  0.58  =  21.21 

7 21.21  +  0.49  =  21.70 

8 21.70  +  0.39  =  22.09 

9 22.09  +  0.39  =  22.48 

10 22.48  +  0.39  =  22.87 

11  Still  gaining. 

Prom  the  above  work  I  would  draw  the  following  conclusions : 

1 .  Water  can  be  determined  in  Paris  green  and  Scheele  green 
by  drying  at  the  temperature  of  boiling  water  for  twelve  to  fif- 
teen hours. 

2.  The  best  method  for  determining  the  total  arsenious  oxide 
in  Paris  and  Scheele  greens  is  the  Thorn  Smith  method,  marked 
3  above. 

3.  The  best  method  for  determining  the  soluble  arsenious 
oxide  in  Paris  and  Scheele  greens  is  by  extracting  with  500  cc. 
of  water  at  room  temperature. 

4.  Hot  water  extraction  can  not  be  used  to  extract  soluble 
arsenious  oxide. 

5.  A  good  method  for  determining  copper  in  Paris  and  Scheele 
greens  is  the  volumetric  method  based  on  the  titration  of  the 
iodine  set  free  from  potassium  iodide  by  a  copper  salt  in  acetic 
acid  solution. 

Appended  is  a  condensed  statement  of  the  work  done  : 

Total  arsenic. 

/- '^  \ 

Oxidation        Oxidation  Method  of 
with  potas-      with  nitric     Smith. 
Water.       sium  chlorate.        acid. 
Per  cent.  Per  cent.    Per  cent. 

Paris  green  "A" 1.30  Abandoned  56.03  56.90 

Paris  green  "B" 0.99                 **  56,69  57.54 

Scheele  green 5.27                "  50.66  51.33 

Arsenious  oxide,  C.  P.  None              **  99-25  100.02 
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Soluble  arsenious  oxide. 


Wash  on    500  cc.  cold    Water  at     Cupric    laaolnblc  ia 
filter.  water.         5o*-6o*  C.      oxide,    hydrochloric 

Per  cent.  Per  cent        add 

Paris  green  *' A** Abandoned  4.02  11. 10+  30.07  None 

Paris  green  "B" **  4.86  8.864-  29.79  None 

Scheele  green **  17.76  22.87-f-  38.14  None 

Arsenious  oxide,  C.  P.          -  •  •  •  •  •  >  •          •  •  •  •  •  -  -  -  None 

A  continuation  of  this  paper  will  appear  during  the  next  few 
months,  which  will  have  for  its  object  the  creation  and  improve- 
ment of  the  methods  of  estimating  the  various  constituents  of 
London  purple  as  well  as  a  study  of  the  improved  method  of 
estimating  arsenic  gravimetrically  by  Martha  Austin,*  which 
has  only  come  to  my  notice  since  the  above  work  was  completed. 


THE  DETECTION  OF  COAL-TAR  DYES  IN  FRUIT  PRODUCTS. 

Bt  a.  L.  Winton. 

Received  July  5t  1900. 

SOON  after  its  discovery  fuchsine  came  into  use  for  color- 
ing wines  and  replaced  to  a  large  extent  the  vegetable  dyes 
which  from  very  early  times  had  been  employed  for  this  purpose. 
More  recently  various  other  coal-tar  dyes,  particularly  the  azo- 
colors,  have  been  extensively  used  in  wines  although  fuchsine 
and  acid  fuchsine  are  still  preferred  by  some  makers. 

Within  the  past  few  years  the  use  of  coal-tar  dyes  in  articles  of 
diet  has  attracted  the  attention  of  food  analysts  in  the  United 
States.  In  the  case  of  confectionery,  pastries,  and  some  other 
products  they  serve  merely  to  render  the  articles  more  attractive 
to  the  eye  without  deceiving  the  purchaser,  but  as  a  rule  they 
give  imitation  products  the  appearance  of  the  genuine  or,  to  use 
the  legal  phraseology,  **they  make  the  products  appear  better 
or  of  greater  value  than  they  really  are/' 

Some  of  the  results  obtained  by  Winton,  Ogden,  and  Mitchell, 
in  the  examination  of  foods  at  the  Connecticut  Agricultara] 
Experiment  Station,  illustrate  the  fraudulent  use  of  dyes.  In 
1898,  sixty-three  samples  of  jellies  purporting  to  have  been  made 
from  fruit  were  examined,  and  of  these,  twenty-eight  were  spur- 
ious mixtures  colored  with  coal-tar  dyes.  Some  of  the  most 
remarkable    samples,   labeled   **  strawberry  jelly,"  "raspberry 

1  Ztsckr.  anai.  Chem.,  as,  heft  a. 
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jelly,'*  etc.,  consisted  of  starch  paste,  flavored  with  artificial 
**  fruit  ethers,'*  sweetened  with  glucose  and  preserved  with  sal- 
icylic acid,  the  dye  having  been  used  to  carry  out  the  deception. 
Of  twenty-eight  samples  of  fruit  preserves,  eight  were  also 
colored  with  coal-tar  dyes.  During  the  following  year  (1899) 
ninety-two  samples  of  soda-water  sirups,  chiefly  strawberry, 
raspberry,  and  orange,  were  subjected  to  analysis.  Of  these, 
forty-five  were  colored  with  coal-tar  dyes.  As  a  rule  the  sirups 
which  were  artificially  colored  were  also  artificially  flavored  and 
contained  no  genuine  fruit  juice  whatever.  Dyes  were  also  found 
in  bottled  carbonated  beverages. 

The  relation  of  these  dyes  to  public  health  deserves  atten- 
tion. The  experiments  carried  on  with  dogs  and  other  .animals 
by  Cazeneuve  and  Lupine,  Weyl,  and  others  have  proved  beyond 
a  doubt  the  poisonous  nature  of  picric  acid,  dinitrocresol,  and 
Martins*  yellow,  among  the  nitro-colors,  and  of  orange  II  and 
metanil  yellow  among  the  azo-colors.  Puchsine,  sulphonated 
nitro-colors,  and  most  of  the  azo-colors  did  not  act  as  poisons 
although  some  of  the  azo-colors  produced  vomiting,  others 
diarrhea,  and  many  developed  slight  albuminuria.^ 

Although  there  is  evidence  that  the  bulk  of  the  coal-tar  dyes 
are  not  injurious  to  some  of  the  lower  animals,  it  is  not  safe  to 
assume  that  they  are  entirely  harmless  to  human  beings.  The 
dog,  the  animal  used  in  most  of  WeyPs  experiments,  has  a 
proverbially  strong  stomach  and  eats,  with  no  apparent  dis- 
comfort, many  things  which  would  disturb  the  digestion  of  a 
man. 

The  unwholesomeness  of  certain  coal-tar  dyes  not  classed  as 
poisons  is  indicated  by  the  experience  of  Weber'  who  tested 
their  efFect  on  the  artificial  digestion  of  fibrin  with  pepsin  and  with 
pancreatin.  He  found  that  oroline  yellow  (acid  yellow)  retarded 
the  action  of  pepsin  and  that  methyl  orange,  saffoline  (acridine 
red),  and  magenta  (fuchsine)  seriously  interfered  with  the 
pancreatic  digestion.  Of  these,  fuchsine,  at  least  when  pure, 
had  been  pronounced  entirely  harmless  by  earlier  investigators 
who  based  their  conclusions  on  experiments  with  lower  animals 
and  some  few  with  man. 

I  ff  he  Coal-tar  Colors"  by  Theodore  Weyl,  translated  by  Henry  Leffmann,  pp.  54-148. 
'  This  Jonmal,  x8,  X092. 
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Even  if  the  entire  harmlessness  of  most  of  the  coal-tar  dyes  is 
conceded,  in  view  of  the  injurious  properties  of  some  of  them 
and  the  difficulty  of  distinguishing  these  from  the  harmless  djes 
when  present  in  food  products,  the  safe  course  is  to  exclude  all 
dyes  of  coal-tar  origin  from  articles  of  diet.  In  Austria  theirose 
is  entirely  prohibited  and  in  other  countries  they  are  regarded 
with  suspicion. 

In  carrying  out  the  work  of  food  examination  under 
adulteration  laws  the  analyst  is  often  called  upon  to  detennine 
whether  or  not  a  coal-tar  dye  is  present,  if  not  to  identify  the 
particular  dye. 

Numerous  methods  of  testing  wines  for  these  dyes  are 
described  in  the  journals  and  in  the  works  on  food  analysis  but 
almost  nothing  has  been  published  on  their  detection  in  jellies, 
preserves,  fruit  sirups,  and  other  fruit  products. 

Because  of  the  absence  of  special  methods  I  have  adapted 
some  methods  originally  devised  for  wines  for  use  in  testiog 
other  products  and  publish  the  following  details,  with  pre- 
cautions learned  by  experience,  for  the  benefit  of  others  engaged 
in  similar  work. 

In  applying  these  tests  to  jellies  and  other  semisolid  products 
it  is  necessary  to  bring  into  solution  by  boiling  with  it0  5 
parts  of  water. 

ARATA'S  wool.  TEST.' 

One  hundred  cc.  of  the  liquid  to  be  tested,  prepared  if  neces- 
sary as  described  in  the  preceding  paragraph,  are  boiled  for  ten 
minutes  with  10  cc.  of  10  per  cent,  solution  of  potassium  bisiil- 
phate  and  a  piece  of  white  wool,  or  woolen  cloth,  which  has 
been  previously  heated  to  boiling  in  a  very  dilute  solution  of 
sodium  hydroxide  and  thoroughly  washed  in  water.  After  re- 
moval from  the  solution,  the  wool  is  again  washed  in  boiling  water 
and  dried  between  pieces  of  filter-paper.  If  the  coloring-mat- 
ters are  entirely  from  fruit,  the  wool  either  remains  uncolored, 
or  takes  on  a  faint  pink  or  a  brown  color  which  is  changed 
to  green  by  ammonia  and  is  not  restored  by  washing  in  water; 
but  if  certain  coal-tar  dyes,  chiefly  of  the  azo-group,  are  present, 

I  Zischr.  anal.  Ckem.  s8, 639.  See  also  Borgman:  "Anleitung  ckem.  Anal.  d.  Weiaes," 
Wiesbaden,  1898,  p.  91.  Koenisf:  ''Untersuchung  landw.  u.  gcwerb.  wich.  Stofe," 
Berlin,  1898, 577. 
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the  wool  IS  dyed  and  the  color  on  the  fibers  is  either  not  changed 
by  ammonia  or,  if  changed,  is  restored  by  washing. 

The  dye  present  may  often  be  identified  by  noting  the  color  of 
the  wool  after  addition  of  enough  concentrated  sulphuric  acid  to 
thoroughly  moisten  the  fibers  and  again  after  dilution  of  the 
acid.^  As  a  rule  it  is  not  desirable  to  proceed  further  with  the 
test  although  Arata  gives  instructions  for  removing  the  dye 
from  the  wool  and  testing  the  dye  itself.  For  this  purpose  the 
wool  is  treated  with  dilute  tartaric  acid  solution  to  remove 
vegetable  colors,  washed  in  water  and  dried  between  sheets  of 
filter- paper.  It  is  then  transferred  to  a  test-tube  and  saturated 
with  concentrated  sulphuric  acid.  After  standing  five  or  ten 
minutes,  water  sufficient  to  make  10  cc.  is  added  and  the  wool 
is  removed.  The  solution  after  making  alkaline  with  ammonia 
and  cooling  is  shaken  with  5  to  10  cc.  of  pure  amyl  alcohol,  to 
which  a  few  drops  of  ethyl  alcohol  are  added,  to  facilitate  the 
separation.  The  alcoholic  extract  is  separated,  evaporated  to 
dryness,  and  the  residue  tested  according  to  the  scheme  of 
Girard  and  Dupr6,  Witt,'  Weingaertner*  or  Dommergue.* 

I  have  applied  this  test  to  samples  of  juices,  sirups,  jellies,  and 
preserves  prepared  in  the  laboratory  from  the  fruits,  as  well  as 
to  numerous  commercial  fruit  products  including  catsups.  The 
woolen  cloth  used  was  **  nun's  veiling  "  cut  into  pieces  one  inch 
wide  and  three  inches  long. 

When  strawberry,  raspberry,  blackberry,  currant,  grape,  and 
cherry  juices,  without  dilution,  were  treated  as  has  been 
described,  the  wool  acquired  a  dull  pink  or  brownish  pink  color. 
With  ammonia  the  color  changed  to  green,  and  washing  with 
water  in  no  case  restored  the  original  color.  Treatment  with 
10  per  cent,  tartaric  acid  solution  in  the  cold  was  without  effect, 
but  on  boiling  for  some  time  the  pink  color  was  largely  removed. 
From  orange,  lemon,  pineapple  and  tomato  juice  or  pulp,  the 
wool  absorbed  no  color  at  all,  or  only  a  faint  yellow  color. 

Jellies,  preserves,  sirups,  and  catsups  known  to  be  pure  gave 
up  to  the  wool  very  slight  colors,  but  many  of  the  commercial 

^  See  scheme  of  Girard  et   Dupr6  :  "Analyse  des  Matidres  Alimentaires  et  Re- 
cherche de  leurs  Falsifications." 
s  Ztschr.  anal.  Ch€m.,a6, 100. 

•  /*nf.,  87,  23a. 

*  Ihtd.^  S9,  369. 
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products  imparted  to  the  wool  intense  red,  orange,  magenta,  and 
even  green  shades.  Treated  with  ammonia,  these  bright  colors 
remained  unchanged  or,  if  changed,  washing  restored  the 
original  color. 

Boiling  with  tartaric  acid  solution  also  failed  to  affect  the 
colors.  By  treatment  with  concentrated  sulphuric  acid  and 
dilution  of  the  acid,  color  reactions  for  acid  f uchsine,  tropaediiis, 
ponceaus,  Bordeaux  red,   eosins,  and  other  dyes  were  obtained. 

I  have  found  it  more  satisfactory  to  test  the  dyed  wool  directly, 
rather  than  the  color  obtained  from  the  wool  as  directed  bv 
Arata,  because  ot^ly  a  few  dyes  are  extracted  by  amyl  alcohol 
from  alkaline  solutions,  and,  as  explained  further  on,  tests  of  the 
residues  left   after  evaporating  the  extracts  are  indecisive. 

Care  should  be  taken  to  determine  whether  the  wool  is  dyed, 
or  merely  coated  with  the  color.  For  example,  chlorophyl  froo 
green  coloring  preparations  of  vegetable  origin,  is  deposited  on 
wool,  together  with  fat  and  resin,  but  the  color,  unlike  the  coal- 
tar  dyes,  rubs  off  on  tiie  fingers  and  is  readily  washed  ont  with 
soap  and  water. 

For  the  purpose  of  illustrating  the  amount  of  artificial  color 
present  in  each  glass  of  adulterated  carbonated  beverages,  I 
have  employed  250  cc.  portions  of  the  beverages  (or  40  to  50  cc 
of  sirups  diluted  to  250  cc. )  and  pieces  of  nun's  veiling  six  inches 
square.  The  dyed  squares  thus  obtained  furnish  striking  object 
lessons.  From  strawberry,  raspberry,  cherry,  and  blood-orange 
flavors,  brilliant  red  and  magenta  shades  were  fixed  on  the  wool 
(acid  magenta,  Bordeaux  red,  ponceaus,  etc.);  from  orange  and 
lemon  flavors,  orange  and  yellow  shades  (tropaeolins,  etc.); 
and  from  mint  preparations,  bright  green  and  yellow-green 
colors. 

AMYL  ALCOHOI,  TEST,    ALKAl,INE  SOLUTION.* 

Twenty-five  cc.  of  the  liquid  to  be  tested,  made  alkaline  with 
ammonia,  are  shaken  cautiously  for  some  minutes  in  a  separatory 
funnel,  with  pure  amyl  alcohol.  If  the  clear  alcoholic  layer, 
when  separated  from  the  aqueous  solution,  is  colored,  or  if  addi- 
tion of  acetic  acid  develops  a  magenta  color  (fuchsine),  a  por- 
tion of  it,  together  with  an  equal  bulk  of  water  and  a  thread  of 

I  '^Analyse  des  Matidres  Alimentaires  et  Recherche  de  leur  Palsificatioiis",  fu 
Girard  et  Dupr6,  pp.  167,  582. 
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wool,  is  heated  on  a  water-bath,  the  water  lost  by  evaporation 
being  replaced  from  time  to  time. 

The  presence  of  a  coal-tar  dye  should  not  be  affirmed  until 
the  color  has  been  fixed  on  wool  and  the  wool  has  been  washed 
in  boiling  water,  dried,  and  tested  with  sulphuric  acid.  When 
fuchsine  is  present,  the  color  which  appears  on  adding .  acetic 
acid  to  the  alcohol  extract  is  changed  to  yellow  by  hydrochloric 
acid.  Ether  or  ethyl  acetate  may  be  used  in  place  of  amyl 
alcohol  for  extracting  fuchsine. 

AMYL  AI.COHOI,  TEST,    ACID  SOLUTION.* 

Twenty-five  cc.  of  the  liquid,  to  which  have  been  added  a  few 
drops  of  hydrochloric  acid,  are  shaken  with  amyl  alcohol,  and 
dyeing  tests  are  made  as  described  in  the  preceding  section. 

A  colored  amyl  alcohol  does  not  prove  the  presence  of  a  coal- 
tar  color,  as  I  have  found  that  red  coloring-matters  are  extracted 
by  this  solvent  from  acid  solutions  of  pure  fruit  juices.  These 
solutions,  however,  do  not  dye  wool,  when  treated  as  above 
described. 

Some  authors  recommend  that  the  sulphuric  acid  test  be 
applied  to  the  residue  left  after  evaporating  the  amyl  alcohol 
extract.  This  may  be  satisfactory  in  wine  analysis  but  with 
fruit  jellies,  etc.,  this  residue  is  liable  to  contain  other  organic 
matters  which  obscure  the  color  reactions  of  coal-tar  dyes. 
'  If  amyl  alcohol  extracts  from  the  liquid,  after  acidifying,  an 
orange  color  which  has  not  been  found  to  be  of  coal-tar  origin, 
test  may  be  made  for  cochineal. 

The  alcohol  is  washed  several  times  with  water  and  divided 
into  two  portions.  To  one  portion  is  added  a  solution  of  uranium 
acetate,  drop  by  drop,  with  shaking.  In  the  presence  of 
cochineal  the  aqueous  solution  acquires  an  e.nerald-green  color.' 
As  a  confirmatory  test  the  other  portion  is  made  alkaline  with 
ammonia  which  changes  the  orange  color  of  cochineal  to  purple. 

girard's  test  for  acid  fuchsine  (acid  magenta).' 
If  a  bright  magenta  color  is  fixed  on  wool  by  Arata's  test  and 

1  "Analyse  des  Matl^res  Alimentaires  et  Recherche  der  leur  Falsifications,"  Par 
Girard  et  Dupr6,  p.  582. 
»  Ibid.,  p.  580. 
*  Jbid.^  p.  169. 
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if  ordinary  fuchsine  has  been  proved  to  be  absent,  test  should 
be  made  for  acid  fuchsine. 

To  lo  cc.  of  the  liquid*  are  added  2  cc.  or  more  of  5  per  cent 
solution  of  potassium  hydroxide.  The  strongly  alkaline  liquid 
is  mixed  with  4  cc.  of  10  per  cent,  solution  of  mercuric  acetate 
and  filtered.  The  filtrate  should  be  alkaline  and  colorless.  I* 
addition  of  a  slight  excess  of  dilute  sulphuric  acid  produces  a 
violet- red  coloration  and  other  dyes  have  not  been  found  by  the 
amyl  alcohol  test,  the  presence  of  acid  fuchsine  may  be  affirmed. 

I  have  found  this  test  useful  in  the  examination  of  fruit  juices 
and  sirups  but  unsatisfactory  in  the  case  of  jellies  owing  to 
difficulties  in  filtration  and  undecisive  reactions. 

CAZBNEUVE*S   METHOD. 

Cazeneuve's  mercuric  oxide  method*  for  detection  of  coal-tar 
dyes  which  has  been  extensively  employed  in  wine  analysis  did 
not  prove  satisfactory  in  the  examination  of  jellies.  This 
method,  however,  deserves  trial  with  fruit  juices  and  sirups, 
which  are  more  easily  handled  than  the  gelatinous  products. 

In  testing  a  suspected  sample  I  apply  first  of  all  Arata's  test. 
The  other  tests  described  are  employed  either  to  confirm  the 
results  obtained  by  Arata's  test  or  to  supply  evidence  in  cases 
where  that  test  fails. 

The  analyst  should  be  extremely  cautious  in  naming  the 
particular  dye  present  in  a  sample.  It  should  be  remembered 
that  the  number  of  coal-tar  dyes  on  the  market  is  exceedingly 
large  and  that  new  dyes  are  continually  being  introduced.  A 
reaction  which  a  few  years  ago  may  have  been  characteristic  of  a 
particular  dye  may  to-day  be  common  to  several  dyes.  As  a  rule 
it  is  only  necessary  to  learn  whether  or  not  a  color  is  of  coal-tar 
origin.  In  fact  such  terms  as  *'  red  coal-tar  dye  *'  and  *' orange 
coal-tar  dye  **  are  often  to  be  preferred  in  an  official  report  to  the 
cumbersome  scientific  names  or  the  equally  unintelligible 
commercial  names. 

Connecticut  Agricultural  Bxperimrnt  Station, 
Nhw  Haven,  Conn.,  June,  1900. 

1  "Analyse  des  Matiires  Alimentaires  et  Recherche  der  leur  Falsifications,"  Fv 
Girard  et  Dupr^,  p.  174;   Compt.  rend.^  los,  53. 
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ESTIHATION  OF  FAT  IN  CONDENSED  MILK. 

By  Albert  E.  Leach. 

Received  July  9,  1900. 

THE  use  df  canned,  sugar-preserved,  condensed  milk  has  in- 
creased considerably  during  the  last  few  years,  no  less 
than  forty  brands  of  the  article  being  on  sale  in  Massachusetts 
at  the  present  time.  In  view  of  the  fact  that  of  all  its  ingredi- 
ents the  fat  is  the  only  one  that  can  be  conveniently  tampered 
with  to  produce  an  inferior  or  cheaper  product,  it  becomes  highly 
important  to  have  at  hand  a  ready  and  accurate  means  of  fat 
determination,  especially  where  samples  have  to  be  examined 
systematically  and  in  large  numbers  for  adulteration. 

The  Babcock  centrifuge  method,  so  convenient  for  estimating 
fat  in  ordinary  milk,  was  long  thought  to  be  out  of  the  question 
for  use  with  sugar-preserved  milk,  by  reason  of  the  fact  that  the 
cane-sugar,  which  is  present  to  the  extent  of  some  40  per  cent, 
in  the  average  condensed  milk,  becomes  so  charred  by  the  action 
of  the  sulphuric  acid  employed  in  the  test  as  to  produce  nothing 
but  a  black  mass  in  place  of  the  desired  column  of  clear  fat. 
This  has  been  the  common  experience  of  all  who  tried  it. 

The  Adams-Soxhlet  method,  which  is  the  recognized  stand- 
ard for  fat  determination  in  ordinary  milk,  has  been  largely  used 
in  the  case  of  condensed  milk,  but,  in  the  writer's  experience, 
can  not  be  depended  on  for  the  latter  purpose,  on  account  of  the 
fact  that  the  large  amount  of  cane-sugar  present,  even  when  the 
sample  is  diluted  for  analysis,  encloses  the  fat  particles  so  firmly, 
when  dried  on  the  extraction  coil,  as  to  render  its  removal  by 
the  solvent  ether  a  very  difficult  matter. 

In  1895  the  writer  devised  a  scheme  whereby  the  Babcock 
machine  could  be  satisfactorily  used  for  condensed  milk  fat,  and 
an  outline  of  the  process  as  then  carried  out  was  published  in 
the  **  Annual  Report  of  the  Massachusetts  State  Board  of  Health 
for  1896."  This  process,  with  certain  minor  modifications  which 
experience  has  from  time  to  time  suggested,  has  been  in  success- 
ful use  in  the  Food  and  Drug  Department  of  the  Board  for  over 
five  years,  and  has  proved  itself  to  be  not  only  much  quicker 
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than  the  Adams-Soxhlet  extraction  method  and  easier  of  manip- 
ulation, but,  indeed,  more  accurate,  by  reason  of  the  fact  that 
the  cane-sugar  with  all  its  attendant  troubles  is  first  eliminated. 

If,  in  the  case  of  condensed  milk,  ordinary  ether  is  used  as  a 
reagent  for  the  Soxhlet  extraction,  the  amount  of  extract 
weighed  as  fat  may  not  appear  too  low,  because  the  alcohol  and 
water  present  in  the  ether  dissolve  not  only  fat,  but  also  sugar, 
which  goes  in  with,  and  is  weighed  as  fat.  On  the  contrary,  if 
the  ether  be  dehydrated  with  calcium  chloride  and  distilled  over 
sodium,  to  free  it  completely  from  alcohol,  the  extracted  fat  will  be 
found  to  be  far  too  small.  The  same  incomplete  extractionie- 
sults  from  the  use  of  benzine  or  petroleum  ether  as  a  solvent. 

Parallel  determinations  of  fat  in  sugar-preserved  milk  by  the 
Adams-Soxhlet  process,  using  ether  carefully  dehydrated  and 
freed  from  alcohol,  and  by  the  writer's  method  involving  the  use 
of  the  Babcock  machine,  show  in  all  cases  a  larger  fat  content 
by  the  latter  or  modified  Babcock  process.     Indeed,  in  one  in- 
stance an  extraction  of  sixty  hours  was  required  in  the  case  of 
the  Soxhlet  process  to  equal  the  percentage  of  fat  found  by  the- 
modified  Babcock  process,  so  firmly  were  the  fat  particles  en- 
closed by  the  cane-sugar  on  the  extraction  coil,  thus  resisting 
the  action  of  the  ether.     It  is  obvious  that,  in  the  case  of  the 
modified  Babcock  process,  no  more  fat  can  be  shown  by  the  final 
result  than  actually  exists  in  the  milk ;  indeed,  if  anything,  one 
would  expect  a  slight  loss,  so  that,  when  compared  with  the 
Soxhlet  method,  if  the  latter  shows  lower  figures,  it  can  safely 
be  presumed  that  the  process  is  unreliable.     This,  of  course, 
applies  only  to  the  sugar-preserved  variety  of  condensed  milk. 

The  improved  method  of  fat  estimation  with  the  Babcock  cen- 
trifuge is  as  follows :  Having  first  insured  a  homogeneous  sample 
of  the  contents  of  the  can  by  stirring,  40  grams  are  weighed  out 
preferably  in  a  weighing  tray  for  sugar,  transferred  by  washing 
to  a  graduated  100  cc.  sugar  flask,  and  made  up  to  the  mark 
with  water.  Twenty-five  cc.  of  the  thoroughly  mixed  diluted 
sample,  corresponding  to  10  grams  of  the  original  condensed 
milk,  are  measured  by  a  pipette  into  an  ordinary  test-bottle  of 
the  Babcock  centrifuge.  This  is  filled  nearly  to  the  neck  with 
water,  and  4  cc.  of  a  solution  of  copper  sulphate  of  the  strength 
of  Fehling's  copper  solution  are  added.     The  contents  are  thor- 
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ougbly  shaken,  and  the  precipitated  proteids,  carrying  with 
them  the  fat,  are  rapidly  separated  out  by  whirling  the  fat  bottle 
in  the  centrifuge,  preferably  (though  not  necessarily)  without 
heating.  The  writer  prefers  an  electric  centrifuge  of  the  Robin-, 
son  type  for  this  purpose,  as  the  heat  of  the  steam-driven  ma- 
chine cakes  the  precipitate  down,  so  that  it  is  harder  to  wash. 
If  desired,  the  precipitate  may  be  allowed  to  settle  out  of  itself, 
which  it  does  more  quickly  in  the  cold. 

The  supernatant  liquid  containing  the  sugar  is  drawn  off  by 
means  of  a  pipette  of  large  capacity,  having  a  stem  sufficiently 
small  to  pass  easily  into  the  neck  of  the  milk  bottle,  a  small  wisp 
of  absorbent  cotton  being  first  twisted  over  the  bottom  of  the 
pipette  to  serve  as  a  filter.  If  many  samples  are  to  be  treated,  a 
suction-pump,  connected  by  rubber  tubing  with  the  pipette,  is  a 
great  convenience.  On  withdrawing  the  pipette  with  the  sugar 
solution,  the  cotton  is  wiped  off  into  the  bottle  by  rubbing 
against  the  inner  side. 

The  precipitated  proteids  and  fat  are  given  two  additional 
washings,  as  above,  by  shaking  thoroughly  with  water  introduced 
nearly  to  the  neck  of  the  bottle,  separating  out  in  each  case  by 
centrifuge  or  by  settling,  and  finally  removing  the  washings  with 
the  pipette,  two  of  such  extra  washings  being  found  nearly  always 
sufficient  to  remove  all  the  sugar.  If  the  precipitate  is  caked 
down  hard  after  treatment  with  the  centrifuge,  it  may  be  neces- 
sary to  employ  a  stiff  platinum  wire  as  a  stirrer  to  aid  in  mix- 
ing with  the  wash- water. 

Finally,  enough  water  is  added  to  amount  approximately  to 
the  normal  volume  of  17.6  cc.  usually  employed  for  the  Babcock 
test,  17.5  cc.  of  sulphuric  acid  are  added,  and  the  test  continued 
from  this  point  on  as  in  the  ordinary  Babcock  process  of  milk 
testing,  multiplying  the  reading  obtained  by  1.8  to  give  the  cor- 
rect percentage  of  fat  in  the  sample. 

For  condensed  milk  containing  no  added  cane-sugar,  these 
precautions  are,  of  course,  unnecessary,  the  ordinary  Babcock 
method  being  directly  employed  with  a  weighed  portion  of  the 
milk. 


ON  CERTAIN  PECULIARITIES  IN  THE  URINE  OF 

VEGETARIANS. 

By  J.  H.  I/ONG. 
Received  July  93, 1900. 

I  HAVE  recently  presented  the  results  of  analyses  of  a  number 
of  normal  urines*  in  which  the  relation  of  the  copper  oxide 
reducing  power  to  the  amounts  of  creatinin  and  uric  acid  pres- 
sent,  was  especially  noted.  In  this  paper  I  shall  give  briefly 
the  corresponding  data  found  by  examining  the  urine  of  individ- 
uals living  wholly  on  a  vegetable  diet.  As  the  methods  of  ex- 
amination were  the  same  as  formerly  employed,  it  will  not  be 
necessary  to  refer  to  them  again.  The  seven  men  who  furnished 
the  urine  for  the  tests  are  students  of  the  American  Medical 
Missionary  College  of  Battle  Creek  and  Chicago,  and  for  a  year 
or  longer  had'  lived  on  a  diet  of  bread,  fruits,  vegetables,  and 
prepared  cereal  and  nut  foods  exclusively.  Eggs  were  not  eaten, 
and  only  as  much  milk  as  was  taken  with  the  *  'cereal  coffee" 
used.  The  whole  day's  excretion  was  furnished  me  in  ead 
case.  The  table  following  gives  the  important  data  secured  as 
explained  in  the  heading  over  each  column. 
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cc.  cc.  Mg.  Gm.  Mg.  Mg.  Gm.        Gm. 

13  800   1.031   17*1    626.3   34-8    843.7     790-1    

14  1020   1.028   19.2    498.2   28.8    705.0    889.6    .... 

15  850   1.030   20.2    711. 7   32.2    952.5    1082.7    9.77 

16  800   1.030   17.9   1043.9   38.8    731.2    II37-2    •••• 

17  950   1.027   22.8    616.8   28.6    656.2    1017.4    8.17 

18  1020   1.027   22.7    607.3   26.8    645.0    1003.0   10.19 

19  800  1.031  16. 1  683.2  33.2  1 166. 2  1558.8  7.68 

20  950  1.031  19.2  1062.8  35.8  843.7  805.7  9.02 

21  925  1.030  17.3  1262.1  37.1  978.7  1 157.8  9.06 

22  905  1.030  18.4  1072.3  34.2  746.2  1547-0  938 

23  860  1.030  17.2  920.5  41.6  780.0  361. 1  .... 

24  970  1.028  21.6  664.3  32.4  705-0  247.5  8.35   1.85 

Mean  874   I.030   18.9    754-2    32.8    767.6     909.8    8.01   2.05 

At  first  sight  we  notice  the  rather  marked  reducing  powers  of 
these  urines  which  in  the  mean  appears  to  be  about  20  per  cent, 
greater  than  in  the  cases  described  before.  But  at  the  same 
time  it  will  be  observed  that  these  urines  in  general  are  highly 
concentrated,  the  average  daily  excretion  being  only  874. cc.  as 
against  1167  cc.  for  the  former  series.  If  weakened  then  to  the 
same  dilution  the  total  copper  oxide  reducing  power,  expressed 
in  these  terms,  would  be  brought  down  even  lower.  In  other 
words,  for  the  dailj'  excretion  the  reduction  is  not  large.  The 
probable  reason  for  this  will  be  evident  from  what  follows. 

Making  due  allowance  for  differences  in  concentration  there 
is  nothing  noteworthy  in  the  excretion  of  urea,  uric  acid,  and 
ammonia,  or  for  chlorine  and  phosphoric  acid  found  in  part  of 
the  cases,  but  for  the  excretion  of  creatinin  we  have  remarkably 
low  figures  in  general.  The  former  investigation  gave  as  the 
normal  relation  of  uric  acid  to  creatinin  about  1:2,  but  here  we 
have  about  1:1.2.  The  value  for  the  uric  acid  excretion  is 
based  on  a  volume  of  1000  cc.  but  if  calculated  for  the  volume 
voided  in  twenty- four  hours,  is  brought  down  to  671  milligrams, 
which  is  a  fair  average. 
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The  correspondingly  low  creatinin  points  apparently  to  low 
metabolism,  and  is  a  fact  of  considerable  importance.     Creatinin 
is  supposed  to  reach  the  urine  in  one  of  two  ways.     Many  phys- 
iologists (for  illustration  see  Schaefer's  *' Text-book  of  Phys- 
iology," p.  599)  attribute  it  mainly  or  wholly  to  the  creatin  fonnd 
in  the  lean  meat  consumed  as  food,  and  changed  by  dehydra- 
tion in  the  liver,  while  on  the  other  hand,  it  may  be  a  product 
of  body  muscle  metabolism.     That  it  is  not  necessarily  depend- 
ent on  the  creatin  of  meat  has  long  been  recognized  by  numerons 
writers  since  its  appearance  in  urine  during  starvation  has  been 
abundantly  demonstrated.     The  above  tests  fully  confirm  this 
view.     The  food  of  the  persons  furnishing  the  urines  for  exper- 
iment was  certainly  free  from  anything  more  than  traces  possibly 
of  either  creatin  or  creatinin,   and  had  been  for  a  period  of 
months  or  years.     Yet  we  find  a  creatinin  excretion  which  is 
within  the  limits  given  as  normal  in  many  of  our  text-books. 
This  must  be  traced  to  muscular  creatin,  formed  in  turn  by  met- 
abolism of  the  food  proteids.     This  view  is  rendered  more  prob- 
able by  the  discovery  pointed  out  by  several  recent  writers  of  the 
close  relation  of  creatin  and  similar  bodies  to  the  derivatives  of 
proteids  formed  by  various  hydrolytic  cleavages.     Although  the 
simple  relation  suggested  by  DrechseP  in  which  the  resemblance 
of  creatin  to  lysatin  was  shown,  no  longer  appears  to  hold  since 
Hedin  and  others  have  made  it  evident  that  lysatin  is  probably 
a  mixture  of  arginin  and  lysin,*  we  still  have  the  creatin-like 
nature  of  arginin  itself  as  a  very  interesting  fact'  pointing  to  the 
same  general  relation.     The  fact  that  the  hexone  bases  are  pro- 
duced in  trj'psin  digestion  as  well  as  by  acid  hydrolysis*  has 
probably  no  bearing  in  the  case  in  suggesting  another  possible 
source  of  the  creatinin  found,  besides  that  of  muscle  katabolism, 
as  the  amounts  which  may  be  so  formed  are  usually  very  small. 

That  the  creatinin  was  relatively  low  in  all  the  urines  was  prob- 
ably due  to  low  food  consumption  and  metabolism.  The 
men  furnishing  the  urine  performed  little  muscular  work  and 
took  but  little  exercise.     In  a  few  cases  the  results  were  very 

1  Ser.  d.  chem.  Ges.,  23,  3096. 
s  Ztschr.  physiol.  Chem.^  ax,  297. 

^  Scbulze  and  Winterstein  :  Ztschr.  physiol.  Chem.^  a6,  i. 

4  See  papers  by  Kossel  and  Mathews  and  by  Kutscber  :  Ztschr.  physiol.  CX/m.,S5,  vp 
and  195.  in  illustration. 
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low ;  this  can  not  be  explained  by  accidental  error  in  the  exper- 
imental methods,  concentration  of  the  urine  with  alkaline  reac- 
tion, for  example,  but  must  depend  on  some  relation  not  at 
present  discernible.  The  tests  were  all  carefully  made  in  the 
same  manner  and  precautions  were  taken  to  secure  a  final  con- 
centrated filtrate  in  which  zinc  chloride  would  certainly  precipi- 
tate any  creatinin  present. 

The  distribution  of  the  reducing  power  in  these  urines  is  also 
interesting.  It  will  not  be  necessary  to  make  the  calculation  for 
each  case  as  was  done  in  the  former  paper,  but  the  average 
results  may  be  taken.  The  table  above  gives  18.9  cc.  of  urine 
in  the  mean  as  the  volume  required  to  reduce  50  cc.  of  the  stand- 
ard copper  solution  containing  2.604  grams  of  cupric  oxide  to 
the  liter.  From  this  it  may  be  calculated  that  1000  cc.  of  the 
urine  would  reduce  6.888  grams  of  cupric  oxide.  This  is  a  high 
figure  because  of  the  marked  concentration  of  most  of  the  urines. 
Making  a  similar  calculation  from  the  data  of  the  last  paper  we 
find  that  the  creatinin  of  1000  cc.  of  the  average  urine  would 
reduce  1.282  grams  of  cupric  oxide,  while  the  uric  acid  would 
reduce  i  .091  grams.  The  sum  of  these  reductions  is  2.373  grams, 
or  a  trifle  over  one- third  of  the  total  reduction.  We  have  remain- 
ing 4.515  grams  of  cupric  oxide  per  liter  as  the  amount  corre- 
sponding to  the  carbohydrates  or  similar  bodies  present.  In 
view  of  the  character  of  the  food  consumed  this  is  an  interesting 
but  not  unexpected  result.  Allowing  for  the  concentration  the 
reduction  due  to  carbohydrates  is  still  large.  It  is  evident,  there- 
fore, that  a  diet  wholly  vegetable,  in  which  carbohydrates  and 
fats  predominate,  favors  the  increase  in  the  non-nitrogenous 
(probably  carbohydrate)  factors  in  the  urine.  My  thanks  are 
due  to  Mr.  Prank  Wright  and  Mr.  Charles  Erickson  for  the  exper- 
imental work. 

NO^THWESTBRN  UNIVBRSITT,  CHICAGO, 

June  20,  1900. 


REVIEWS. 


AN  EXPERIMENTAL  STUDY  OF  RADIO-ACTIVE  SUB- 

STANCES.' 

Professor  Rontgen's  remarkable  discovery,  in  1895,  of  the 
penetrating  rays  called  by  him  X-rays,  but  now  equally  well 
known  by  his  own  name,  was  followed  in  1896  b}'  Becquerel's 
announcement  that  the  salts  of  uranium  emit  invisible  radiations 
capable  of  discharging  electrified  bodies  and  of  producing 
skiagraphic  images  on  sensitive  plates.  He  found  that  potassio- 
uranic  sulphate  emits  rays  that  pass  through  black  paper  and 
affect  photographic  plates;  this  property  is  not  limited  to  the 
brilliantly  fluorescent  uranic  salts,  but  is  shared  by  the  non- 
fluorescent  uranous  salts.  All  uranium  compounds  examined 
proved  to  be  active,  whether  phosphorescent  or  not,  whether 
crystalline,  melted  or  in  solution;  and  metallic  uranium  exhibits 
the  phenomena  in  a  marked  degree.  The  permanence  of  this 
property  is  amazing,  substances  kept  in  a  double  leaden  box 
more  than  three  years  emitted  rays  having  almost  as  much 
power  as  when  first  tested. 

Shortly  after  the  announcement  by  Becquerel,  experimenters 
found  that  other  substances  have  the  power  of  emitting  these 
**  Becquerel  rays;*'  M.  Henry  found  it  in  phosphorescent  zinc 
sulphide,  Niewenglowski  in  insolated  calcium  sulphide,  Troost 
in  artificial  hexagonal  blende,  and  Schmidt  in  thorium  com- 
pounds. In  1898  Mme.  Sklodowska  Curie,  working  in  the 
laboratory  of  the  Municipal  School  of  Industrial  Physics  and 
Chemistry  in  Paris,  devised  a  special  apparatus  for  measuring 
the  electrical  conductivity  of  the  air  when  under  the  influence 
of  **  radio-active  bodies,'*  and  by  its  means  studied  the  behavior 
of  the  minerals  pitchblende,  chalcolite,  autunite,  cleveite, 
monazitc,  orangeite,  and  thorite,  and  found  them  all  active. 
Some  varieties  of  pitchblende  showed  more  than  three  times  as 
much  energy  as  metallic  uranium  itself,  and  this  led  her  to  the 
conclusion  that  the  peculiar  property  was  due  to  some  unknown 
body  contained  in  the  mineral,  and  not  to  uranium  compounds. 
Associating  with  her,  her  husband,  Mme.  and  M.  Curie  att&cked 
the  mineral  pitchblende  with  acids  and  reagents  and  soon 
obtained  results  that  were  presented  by  M.  Becquerel  to  the 
Academy  of  Sciences,  Paris,  at  a  meeting  held  Monday,  i8tb 
July,  1898. 

These  savants  showed  that  pitchblende  contains  a  substance, 
apparently  analogous  to  bismuth,  -  which  emits  Becquerel  rays 

1  Read  at  a  meeting  of  the  Chemical  Society  of  Washington,  held  April  ai,  1900,  at 
Baltimore,  Md. 
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4cxx>  times  stronger  than  uranium;  they  were  unable  to  isolate 
the  element  having  radiant  power  but  they  named  it  *  *  Polonium,  *  * 
in  honor  of  the  native  land  of  Mme.  Curie.  In  December  of  the 
same  year  the  lady  received  the  Gegner  prize  of  4000  francs 
awarded  her  by  the  Academy  of  Sciences,  and  later  in  the  same 
month  M.  andMme.  Curie,  together  with  M.  B^mont  (director  of 
the  Municipal  Laboratory),  announced  the  discovery  of  a  second 
radio-active  body  in  pitchblende,  which  they  called  **  Radium.*' 
Since  that  date  Mme.  Curie  and  her  husband  have  industriously 
carried  on  investigations,  publishing  their  results  in  the  Cotnptes 
rendus'y  and  some  German  physicists,  not  gallant  enough  to  leave 
the  enterprising  woman  a  clear  field,  have  announced  some  minor 
discoveries.  From  these  papers  we  gather  the  following  facts 
concerning  these  marvelous  bodies. 

As  yet,  comparatively  little  is  known  of  the  chemistry  of  the 
salts  of  polonium,  since  the  radio-active  substance  has  not  been 
separated  from  its  companions;  on  working  up  the  mineral 
pitchblende  the  polonium  is  found  in  the  precipitate  thrown 
down  by  hydrogen  sulphide, and  insoluble  in  ammonium  sulphide. 
Solutions  of  polonium  react  like  those  of  bismuth,  being  pre- 
cipitated by  water. 

The  mixture  of  substances  in  which  radium  shows  its  activity 
has  been  more  fully  studied  ;  the  yet  unknown  element  accom- 
panies barium  in  analytical  separations,  its  chloride  is  wholly 
soluble  in  water,  and  it  responds  to  the  usual  tests  for  barium. 
The  spectrum  ef  the  substance  shows  the  bands  of  barium 
together  with  other  lines  peculiar  to  radium.*  Attempts  to 
separate  radium  from  barium  have  been  unsuccessful,  but  by 
fractional  precipitation  of  the  mixed  chlorides  with  alcohol  a 
salt  has  been  obtained  having  900  times  the  activity  of  uranium. 

By  operating  on  half  a  ton  of  the  residues  of  uranium  minerals, 
Mme.  Curie  obtained  2  kilograms  of  material  rich  in  radium ; 
with  this,  attempts  were  made  to  determine  the  atomic  weight 
of  radium,  and  she  found  the  figures  140,  the  atomic  weight  of 
barium  being  136.4. 

The  extraordinary  physical  properties  of  the  rays  emitted  by 
these  bodies  have  commanded  the  most  attention ;  they  possess 
luminosity,  actinic  and  skiagraphic  power,  and  render  the  air 
through  which  they  pass  a  conductor  of  electricity.  This  latter 
property,  the  one  which  led  to  their  discovery,  is  studied  by 
means  of  an  electroscope  of  special  construction.  It  consists 
essentially  of  a  gold-leaf  (or  aluminium  foil)  electroscope 
enclosed  in  a  metallic  box  with  glass  sides  and  communicating 
with  a  metal  disk  exterior  to  the  box.  This  disk  lies  in  a  hori- 
zontal plane  a  few  centimeters  above  another  parallel  disk  which 
serves   as    a    support    for  the    substances  under  examination. 

1  Demarcay:  Cotnpt.  rend.,  lag,  716,  Nov.  6, 1899. 
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When  the  electroscope  is  charged  by  rubbing  the  upper  disk 
with  a  piece  of  ebonite,  the  gold-leaf  diverges  from  the  perpen- 
dicular and  will  remain  so  for  some  time  if  undisturbed;  on 
placing  a  layer  of  any  radio-active  body  on  the  insulated  lower 
disk  the  air  between  the  two  disks  becomes  a  conductor  and  the 
gold-leaf  at  once  resumes  its  normal  position.  To  estimate  the 
rapidity  of  the  displacement  of  the  gold-leaf,  a  microscope  fitted 
with  a  micrometer  eye-piece  is  attached  to  the  apparatus  at  right 
angles  to  the  axis,  and  with  the  aid  of  a  watch  beating  seconds 
the  time  is  noted  which  the  gold-leaf  takes  to  reach  a  certain 
point  on  the  scale  of  the  micrometer. 

Becquerel  first  announced  that  the  rays  .given  out  by  uranium 
exhibited  the  phenomena  of  polarization,  reflection,  and  ref^a^ 
tion,  but  this  was  not  confirmed  by  other  observers  and  on 
repeating  his  experiments  with  radium  and  with  polonium 
Becquerel  got  contradictory  and  negative  results.  The  French 
chemist  observed  that  the  rays  emitted  by  different  bodies  are 
very  unequally  absorbed ;  the  rays  of  radium  and  uranium  freely 
penetrate  plates  of  quartz,  fluorite,  and  mica,  but  those  of 
polonium  are  absorbed  by  these  minerals  and  scarcely  penetrate 
paper.  On  the  other  hand  rays  of  polonium  pass  through  alum- 
inum more  freely  than  those  of  uranium. 

The  rays  of  divers  origin  are  also  influenced  in  difiFerent  ways 
by  a  magnetic  field  ;  in  an  irregular  magnetic  field  formed  by  a 
powerful  electromagnet,  the  rays  emitted  by  radium  are  deflected 
and  concentrated  on  the  poles  ;  to  show  this,  Becquerel  devised 
ingenious  experiments  giving  photographic  records.'  On  exam- 
ining the  rays  of  polonium  compounds  (furnished  by  Mme. 
Curie)  he  found  that  polonium  acted  differently  from  radium/ 
and  his  results  failed  to  confirm  the  observations  of  Geisel 
previously  announced.  Later,  Mme.  Curie  also  published  a 
note  on  the  dissimilar  behavior  of  the  rays  of  polonium  and  of 
radium  in  a  magnetic  field.'  The  subject  has  also  been  studied 
at  Vienna  by  Stefan  Meyer  and  Egon  R.  von  Schweidler.* 

Becquerel  rays  excite  phosphorescence  in  gems,  minerals, 
barium  sulphide,   calcium   sulphide,  etc.;    in  fluorite  the  phos- 
phorescence remains  twenty-four  hours  after  the  influence  of . 
radium  has  been  removed,  much  as  when  exposed  to  the  light 
of  the  electric  arc. 

In  studying  the  power  that  these  rays  have  of  communicating 
energy  to  inactive  bodies,  Mme.  Curie  worked  with  substances 
so  well  purified  that  they  were  50,000  times  more  powerful  than 
uranium,  and  the  induced  activity  measured  i  to  50  times  that 

1  Compt.  rend.y  130,  996,  Dec.  it,  1899. 

2  Ibid.,  Dec.  26,  1899. 

•  Ibid,,  130,  73,  Jan.  8,  1900.    , 

*  Phys.  Ztschr.,  10,  113. 
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of  uranium;  the  substances  examined  were  zinc,  aluminum, 
brass-foil,  lead,  platinum,  bismuth,  nickel,  paper,  barium  car- 
bonate, and  bismuth  sulphide.  Her  experiments  showed  that  a 
true  induction  of  radiant  energy  is  effected,  and  the  energy- 
imparted  to  metallic  plates  is  not  removed  by  washing  with 
water  although  the  radium  chloride  (**chlorure  de  barium 
radif&re")  is  soluble.  The  activity  induced  by  Becquerel  rays 
persists,  while  that  caused  by  Rontgen  rays  ceases  suddenly  on 
removal  of  the  agent.' 

The  actinic  power  of  the  rays  is  shown  by  exposing  the  salts 
to  sensitive  plates ;  with  the  relatively  pure  material  obtained 
by  Mme.  Curie  an  exposure  of  one-half  minute  suflBced  to  get  an 
impression.  The  peculiar  power  of  Rontgen  rays  is  seen  by 
using  a  barium  platinocyanide  fluoroscope,  the  rays  exciting 
fluorescence  through  aluminum,  vulcanite,  etc.* 

Mme.  Curie  records  obtaining  good  **  photo-impressions  V 
with  uranium,  uranous  oxide,  pitchblende,  chalcolite,  etc., 
through  glass,  air,  and  aluminum. 

The  spontaneous  luminosity  of  radium  compounds  was 
announced  by  Mme.  Curie  to  the  Physical  Society  of  Paris  in 
March,  1899,'  and  in  November  of  that  year  she  published  her 
discovery  that  the  wonderful  rays  exert  chemical  action.  They 
transform  oxygen  into  ozone ;  this  was  first  noticed  by  the  odor 
of  the  air  in  a  flask  in  which  radium  compounds  were  confined, 
and  was  confirmed  by  the  usual  test  with  potassium  iodide 
starch-paper.  The  rays  also  produce  a  certain  coloration  in 
glass  changing  it  to  violet ;  and  they  transform  barium  platino- 
cyanide from  yellow  to  brown,  in  which  state  it  is  less  fluorescent, 
but  this  can  be  revived  by  insolation.^ 

At  the  suggestion  of  Mme.  and 'M.  Curie,  M.  A.  Debieme, 
working  in  the  laboratory  of  the  Sorbonne,'  examined  pitch- 
blende for  other  radio-active  bodies,  especially  the  portion  pre- 
cipitated from  solution  by  ammonia  and  ammonium  sulphide, 
after  separation  of  the  uranium;  in  October,  1899,  he  found 
associated  with  titanium,  a  substance  exhibiting  100,000  times 
more  radiant  power  than  uranium,  and  having  chemical 
properties  distinct  from  radium  and  polonium.  The  rays  emitted 
by  this  body,  named  actinium,  have  the  same  manifold  action  as 
the  other  substances,  with  the  exception  that  it  is  not  self- 
luminous.^ 

In   a  more  recent  paper*  M.  Debierne  finds  that  actinium  is 

1  Compt.  rend.,  134,  714,  Nov.  6,  1899. 

a  /did.,  ia6.  iioi  (1898);  127, 1215,  Dec.  36,  1898. 

s  I^gv.  chim.  pure  et  appiiquie,  July,  1899. 

*  Cotnpt,  rend.,  XS9,  823  (Nov.  30,  1899). 

5  Ibid.,  xsg,  593. 

s  Ibid.,  130  (April  la,  1900), 
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allied  to  thorium,  and  suggests  that  the  radio-activity  of  the 
latter  is  due  to  admixture  of  the  new  substance.  , 

To  complete  this  review  of  the  radio-active  bodies,  brief 
notice  must  be  made  of  two  papers  by  German  chemists.  Fritz 
Geisel  obtained  radium  from  uranium  ores  other  than  pitch- 
blende, and  remarks:  '*  Freshly  crystallized  Ba  salts  containing 
Ra  are  only  slightly  active,  but  in  a  few  days  or  weeks  they  reach  a 
maximum.  They  are  strongest  when  anhydrous,  moisture  stops 
activity  and  heating  restores  it.'** 

Becquerel  rays  have  the  same  intensity  in  partial  vacuum  as 
at  ordinary  air-pressure ;  this  was  proved  by  electrical  and  photo- 
graphic experiments  made  by  J.  Elster  and  H.  Geitel.* 

Through  the  enterprise  and  liberality  of  the  Smithsonian 
Institution,  and  by  the  courtesy  of  Secretary  Langley,  I  have 
enjoyed  the  opportunity  of  studying  small  specimens  of  these  rare 
and  costly  substances ;  they  comprise  lo  grams  of  **  radio-active 
substances"  in  two  portions,  prepared  by  E.  de  Haen,  manu- 
facturing chemist  of  Hannover,  Germany,  and  4  grams  of 
**  chlorure  de  barium  radifere,'*  and  4  grams  of  **  polonium  sub- 
nitrate  "  from  the  **  Society  Centrale  de  Produits  Chimiques 
(Ancienne  Maisou  Rousseau)'',  Paris,  said  to  be  prepare^ 
according  to  the  instructions  of  Mme.  and  M.  Curie. 

The  samples  from  Hannover  were  marked  **A"  and**B" 
respectively,  and  a  memorandum  accompanying  them  stated  that 
**B"  excites  fluorescence  in  barium  platinocyanide  more 
energetically  than  **  A,"  whereas  the  latter  is  self-luminous;  as 
a  matter  of  fact  I  found  both  luminous  in  the  dark  and  **  B  "the 
brighter  of  the  two. 

The  specimens  were  enclosed  in  hermetically  sealed  bottles 
and  protected  from  light  by  straw- board  cylinders ;  on  removing 
the  wrappings  in  a  dark  room  both  were  seen  to  emit  greenish 
white  light  that  gave  to  the  enveloping  papers  a  peculiar  glow, 
similar  to  the  fluorescence  produced  by  Rontgen  rays.  I  here 
call  especial  attention  to  the  fact  that  during  all  the  time  that  I 
have  had  the  substances  under  examination  they  have  been  kept 
in  the  dark,  no  light  reaching  them  stronger  than  that  of  the 
yellow  and  orange-red  of  a  photographic  dark  room,  so  that 
insolation  has  played  no  part  in  renewing  their  energy. 

The  grayish  white  powders  proved  to  be  wholly  soluble  in 
water  and  the  solution  gave  the  usual  reactions  for  barium 
chloride. 

Moistening  the  radium  chloride  with  cold  water  does  not 
immediately  stop  emission  of  light,  but  on  heating  to  boiling,  the 
luminosity  ceases.  The  water  was  expelled  and  the  material, 
heated  in  a  platinum  dish  to  dull  redness,  resumed  its  luminosity 

1  j4nn.  Phys.  Chem.,  69,  91  (1898). 

2  Wlcd.  Ann.,  66,  135  (1898). 
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after  a  few  days  in  the  dark.  The  fact  that  radium  compounds 
resume  their  power  of  emitting  light  slowly  has  been  noted  by 
Geisel,  but  he  fails  to  state  whether  the  salt  regains  its  property 
without  exposure  to  sunlight. 

The  substances  **  A  "  and  **  B  '*  were  examined  with  a  fluoro- 
scope  at  first  without  success,  but  in  a  perfectly  dark  room,  after 
the  eyes  became  sensitive,  the  screen  of  barium  platinocyanide 
was  distinctly  seen  to  fluoresce  feebly. 

The  small  specimens  of  these  bodies  had  no  perceptible 
influence  in  exciting  phosphorescence  of  sulphides  of  the 
alkaline  earths  exposed  to  their  action. 

Having  at  hand  no  apparatus  for  measuring  the  electrical 
conductivity  of  the  air,  my  experiments  were  chiefly  directed  to 
ascertaining  the  action  of  the  rays  on  sensitive  plates. 

The  photographic  experiments  were  made  with  Seed  non- 
halation  dry  plates  (No.  26).  To  test  the  approximate  actinic 
power  of  the  bodies  **  A  *'  and  '*  B,"  sections  of  sensitive  plates 
at  distances  of  5  and  10  inches  were  exposed  at  intervals  of  from 
two  to  twelve  minutes ;  these  gave  bands  varying  in  intensity 
with  the  duration  of  action.  **B*' showed  far  greater  power 
than**  A'*.  By  exposing  sensitive  plates  behind  an  ordinary 
negative  to  the  entire  10  grams  of  **  radium  '*  from  two  to  three 
hours,  good  transparencies  were  obtained ;  on  substituting 
Eastman's  bromide  paper,  prints  were  secured  ;  the  distance  of 
the  sensitive  surfaces  from  the  source  of  light  was  about  3  inches. 

To  get  skiagraphic  images,  plates  were  enveloped  in  Carbutt's 
black  paper  (non-permeable  to  light)  and  on  this  was  laid  a 
piece  of  tin-foil  cut  in  open  work  pattern ;  after  one  hour's 
exposure  a  negative  was  obtained  plainly  showing  the  pattern. 
**  A  *'  was  apparently  stronger  than  **  B  '*. 

Analogous  experiments  were  carried  out  with  the  specimens 
of  * 'radium  "  andof  **  polonium  '*  from  Paris ;  making  allowance 
for  the  difference  in  weight,  the  radium  of  German  origin  was 
about  five  times  as  active  as  the  French.  The  sample  labeled 
**  polonium  subnitrate  '*  (weighing  4  grams),  had  positively  no 
action  on  the  plates  used. 

Having  at  my  disposal  500  grams  exceedingly  well  purified 
unanic  nitrate  (remaining  from  previous  researches) ,  I  examined 
it  for  Becquerel  rays,  but  a  sensitive  plate  exposed  three  hours 
to  the  beautifully  fluorescent  crystallized  salt  gave  no  trace  of 
action.  Similar  negative  results  have  been  obtained  by  Sir 
William  Crookes. 

The  primary  source  of  the  energy  manifested  by  these  extraor- 
dinary substances  has  greatly  puzzled  physicists  and  as  yet 
remains  a  mystery.  Mme.  Curie  speculating  on  the  matter,  at 
first  proposed  the  following  explanation :  she  conjectured  that 
all  space  is  continually  traversed  by  rays  analogous  to  Rontgen 
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rays  but  far  more  penetrative,  and  not  capable  of  being  absorbed 
by  certain  elements  of  high  atomic  weight  such  as  uranium  and 
thorium. 

Becquerel,  reflecting  on  the  marvelous  spontaneous  emission 
of  light,  remarked :  if  it  can  be  proved  that  the  luminosity 
causes  no  loss  of  energy,  the  state  of  the  uranium  is  like  that  of 
a  magnet  which  has  been  produced  by  an  expenditure  of  energy 
and  retains  it  indefinitely,  maintaining  around  it  afield  in  which 
transformation  of  energy  can  be  effected.  But  the  photo- 
graphic reductions  and  the  excitation  of  phosphorescence  in  a 
sensitive  screen  require  an  expenditure  of  energy,  of  which 
the  source  can  only  be  in  the  radio-active  substances.  As 
this  expenditure  is  slight  perhaps  the  bodies  have  a  large 
reserve  of  energy  which  can  be  drawn  upon  for  years  withont 
showing  loss  ;  at  any  rate  it  has  been  impossible,  says  Becquerel, 
to  bring  about  any  appreciable  variation  in  the  intensity  of  the 
emission  by  physical  influences. 

Somewhat  later  Becquerel  hazarded  the  opinion  that  the 
radiation  of  radium  is  composed  at  least  in  part  of  cathodic 
rays;  but  these  have  been  proved  to  be  material,  hence  the 
induced  activity  must  be  caused  by  material  particles  impinging 
upon  the  substances  excited.  This  materialistic  theory  seems 
to  be  confirmed  by  the  results  of  ingenious  experiments  made  by 
Mme.  and  M.  Curie ;  they  placed  a  sensitive  plate  beneath  a 
salt  of  radium  supported  upon  a  slab  of  lead,  in  the  vicinity  of 
an  electromagnet.  Under  these  conditions  when  the  current 
was  passing,  the  rays  emitted  by  the  chemical  salt  were  bent  in 
curved  lines  upon  the  sensitive  plate,  making  impressions. 

It  may  be  objected,  says  a  French  writer  in  the  Revue 
gSnSrale  des  Sciences  that  this  theory  requires  us  to  admit 
actual  loss  of  particles  of  matter,  nevertheless  the  charges  are  so 
feeble  that  the  most  intense  radiation  yet  observed  would  require 
millions  of  years  for  the  removal  of  i  milligram  of  substance. 

The  same  writer  raises  the  question,  which  of  the  observed 
phenomena  is  the  primary  one  ?  does  the  radiation  of  radium 
excite  cathodic  rays,  or  do  the  latter  exist  in  the  chemical  com- 
pounds? and  he  regards  the  latter  as  improbable.  The  pri- 
mordial source  of  energy  in  radium  probably  resides,  he  adds, 
in  the  ultraviolet  light,  and  the  efflux  of  material  particles  that 
ensues  is  only  a  secondary  phenomenon,  but  on  a  far  larger 
scale  than  has  previously  been  observed. 

Speculations  as  to  the  future  history  and  applications  of  these 
wonder-working  bodies  press  upon  even  the  dullest  imagination  ; 
if  a  few  grams  of  earth- bom  material,  containing  probably  only 
a  small  percentage  of  the  active  body,  emit  light  enough  to 
affect  the  human  eye  and  a  photographic  plate,  as  well  as  rays 
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that  penetrate  with  X-ray  power,  what  degree  of  luminosity,  of 
actinism,  and  of  Rontgenism,  is  to  be  expected  from  an  hundred- 
weight of  the  quintessence  of  energy  purified  from  interfering 
matter  ? 

And  to  what  uses  is  this  light-generating  material  to  be 
applied  ?  Are  our  bicycles  to  be  lighted  with  disks  of  radium  \n 
tiny  lanterns  ?  Are  these  substances  to  become  the  cheapest 
form  of  light  for  certain  purposes  ?  Are  we  about  to  realize  the 
chimerical  dream  of  the  alchemists, — lamps  giving  light  per- 
petually without  consumption  of  oil? 

Seriously,  in  what  direction  is  profound  study  of  these  sub- 
stances going  to  lead  us  ?  Will  it  not  greatly  extend  our  know- 
ledge of  physical  manifestations  of  energy  and  their  correlation  ? 
What  bearing  will  this  power  of  **  opening  up  paths  through  the 
air  "  for  currents  of  electricity  have  upon  our  knowledge  of  heat, 
light,  electricity,  and  those  forms  of  energy  called  by  the  names 
of  Rontgen  and  Becquerel  ? 

In  what  corner  of  the  globe  will  be  found  the  cheap  and  con- 
venient supply  of  raw  material  yielding  the  radio-active  bodies  ? 
Will  not  chemists  be  obliged  to  reexamine  much  known  material 
by  laboratory  methods  conducted  in  the  dark  ?  Many  of  us  have 
worked  up  kilograms  of  pitchblende  to  extract  uranium  oxides 
and  in  so  doing  have  poured  down  the  waste-pipe  or  thrown  into 
the  dust-bin  the  more  interesting  and  precious  radio-active 
bodies. 

At  all  events  whatever  the  future  may  bring,  physicists  are 
deeply  indebted  to  Becquerel,  and  to  Mme.  and  M.  Curie  for 
placing  in  our  hands  new  methods  of  research  and  for  furnishing 
a  novel  basis  for  speculations  destined  to  yield  abundant  fruits. 

POSTSCRIPT. 
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Bela  von  Lengyel,  of  Budapest, has  pointed  out  that  the  chem- 
ical evidence  is  insuflScient  to  establish  the  elementary  character 
of  these  radio-active  bodies,  and  claims  to  have  prepared  the 
so-called  **  radium*'  synthetically.  By  fusing  with  the  heat  of 
the  electric  arc  uranic  nitrate  mixed  with  2  to  3  per  cent,  of 
barium  nitrate,  and  treating  the  mass  with  nitric  acid,  water, 
and  sulphuric  acid,  successively,  he  obtained  radio-active  barium 
sulphate  possessing  all  the  physical  properties  characteristic  of  the 
**  element'*  announced  by  Mme.  Curie.  The  resulting  sub- 
stance gives  out  actinic  rays,  Rontgen  rays,  excites  platino- 
cyanide  screens,  and  causes  air  to  conduct  electricity. 

The  Hungarian  chemist  has  made  and  examined  the  chloride 
and  the  carbonate  of  this  substance  and  finds  that  they  have  the 
same  properties;  he  wishes  his  paper  regarded  as  a  preliminary 
notice,  proposing  to  continue  his  researches. 
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Von  I^engyers  paper  was  received  by  the  German  Chemical 
Society  on  April  2nd,  but  the  number  of  the  Berichte^  containing 
it  only  reached  Washington  on  May  26. 

Admitting  that  radio-active  bodies  can  be  manufactured  to 
order,  are  we  any  nearer  explaining  their  mysterious  powers? 

Henry  Carrington  Bolton. 

Cosmos  Club,  Washington,  D.  C,  May  a6, 1900. 


MODERN    RESEARCHEvS    ON    THE    CHEMISTRY  OF 

THE  PROTEID  MOLECULE.' 

It  is  impossible,  at  the  present  stage  of  our  knowledge,  tog^vc 
any  satisfactory  definition  of  a  proteid,  based  either  on  its  physi- 
ological or  chemical  properties.  Physiologically,  it  can  be 
pointed  out  as  the  main  constituent  of  all  cells  and  tissues.  In 
regard  to  its  chemical  properties,  it  can  be  stated  with  absolnte 
certainty  that  it  consists  of  carbon,  hydrogen,  oxygen,  nitrogen, 
and  sulphur.  It  does  not  possess  very  marked  acid  or  basic 
properties,  but  forms  salts  with  both  bases  and  acids,  its  affinity 
for  both  being  very  weak. 

I. 

It  can  not  be  classified  under  any  of  the  well-established 
groups  of  chemical  compounds.  Some  attempts  in  this  direction, 
however,  have  been  made  in  recent  years ;  and  of  these,  the 
attempt  to  classify  all  proteids  among  glucosides  has  been  the 
cause  of  much  dispute  from  the  experimental  and  speculative 
side  of  the  question.  The  author  of  this  theory  and  its  most 
enthusiastic  advocate  was  Pavy,  who,  by  hydrolysis  of  t%%  al- 
bumin, succeeded  in  obtaining  a  reducing  substance,  capable  of 
combining  with  phenylhydrazine,  forming  an  osozone  of  a  defi- 
nite melting-point. 

Physiologists,  who  were  all  inclined  to  see  the  source  of  the 
tissue-carbohydrates  in  the  tissue-proteids,  naturally  welcomed 
Pavy*s  work,  and  were  ready  to  endorse  his  views.  A  number 
of  researches,  however,  were  undertaken  in  order  to  test  the  cor- 
rectness of  Pavy' s  statements.  The  results  thereof  were  con- 
tradictory. Momer  has  investigated,  in  that  direction,  serum 
globulin,  and  found  that  on  heating  with  3-5  per  cent,  hydro- 
chloric acid,  it  yielded  a  solution  capable  of  reducing  Fehlingfs 
solution.  Krawkow  has  tested,  in  the  same  direction,  varions 
proteids  with  different  results.  Substances  combining  with 
phenylhydrazine,  giving  osozone,  were  obtained  by  him  from 

1  Vol.  33,  p.  1237,  May  14, 1900. 

'  Read  before  the  New  York  Section  of  the  American  Chemical  Society,  tfty  "• 
1900. 
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egg  albumin  (m.  p.  iSs^-iSs**  C.)»  fibrin  (m.  p.  182^-184**  C.), 
and  serum  albumin  (m.  p.  183^-185°  C).  He  failed  to  obtain 
similar  substances,  or  obtained  them  only  in  traces  from  serum 
globulin,  lactalbumin,  casein,  gelatin,  vitellin,  and  mucoid. 

The  work  which  followed  that  of  Krawkow  was  done  by  Eich- 
holtz  and  is  instructive  in  many  ways.  Thus,  in  contradiction 
to  Krawkow,  he  failed  to  obtain  the  carbohydrate  from  serum 
albumin  and  succeeded  in  obtaining  it  from  serum  globulin.  Of 
greater  interest,  however,  is  the  fact  that  he  found  in  the  white 
of  the  eggy  besides  the  ovomucoid,  a  substance  related  to  it, 
which  he  called  **  ovomucin.** 

In  regard  to  the  egg  albumin,  two  other  researches  are  of  great 
importance :  first,  that  of  Weydemann,  who  obtained  on  treat- 
ment of  egg  albumin  with  a  10  per  cent,  solution  of  sodium 
hydroxide,  a  substance  similar  to  *' animal  gum**;  and  sec- 
ondly, the  work  of  Spenzer,  who  repeated,  under  Drechsel's  direc- 
tion, the  experiments  of  Pavy.  Spenzer  was  very  careful  to 
remove  all  the  mucoid  from  the  white  of  the  eggy  and  only  used 
such  methods  as  would  exclude  the  contamination  of  the  egg 
albumin  with  the  carbohydrates  of  the  filter-paper,  etc.  Under 
such  conditions,  Spenzer  failed  to  obtain  a  carbohydrate  on  the 
hydrolysis  of  egg  albumin  with  acids. 

A  comparison  of  the  results  of  all  the  authors  reveals  the  fact 
that  proteids  of  the  same  nature  gave  different  results  to  differ- 
ent investigators,  as  can  be  seen  from  the  following  table  : 


Egg  albumin   • .  • . 

Fibrin 

Serum  albumin  •• 
Serum  globulin  •  • 

Lactalbumin 

Casein 

Gelatine 

Vitellin 

Mucoid 


Pavy. 
positive 


t( 


(( 


i< 


positive 
negative 
positive 


Krawkow. 

positive 
<i 

If 

negative 
(( 

it 

{( 

C( 

(I 


Eichholtz. 
positive 


Morner. 


Spenzer. 
negative 


negative 
positive 


positive 


Further,  new  substances  related  to  mucins  were  discovered 
where  they  were  not  suspected  by  some  of  the  investigators 
searching  for  carbohydrate  in  the  proteid  molecule ;  and  finally, 
those  who  were  more  careful  in  avoiding  contamination  were 
the  least  successful  in  obtaining  the  **  carbohydrate  moiety  **  of 
the  proteid  molecule.  It  seems  therefore  unwarranted  at  the 
present  moment  to  accept  the  existence  of  such  a  moiety. 

II.      THE  NITROGEN. 

The  greatest  part  of  the  researches  on  the  chemistry  of  pro- 
teids has  been  directed  to  the  character  and  form  of  the  nitrogen 
present  in  its  molecule.     The  older  authors  knew  that  the  nitro- 
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gen  was  not  all  in  equally  strong  combination  with  the  rest  of 
the  proteid  molecule,  and  that  the  nitrogen  entered  the  proteid 
molecule  in  the  form  of  an  amido  group.  But  of  the  amido 
compounds  only  those  of  the  monamido  acids  were  detected  in 
that  molecule.  A  great  part  of  the  nitrogen  was  in  a  combina- 
tion unknown  to  most  of  the  old  investigators.  Drechsel  was 
the  first  to  investigate  with  great  success  the  nature  of  the 
nitrogenous  residue.  He  has  found  that  it  consists  of  substances 
with  a  well-defined  basic  nature,  some  of  them  being  diamido 
acids.  The  substances  he  discovered  were  lysin  and  lysatine: 
one  being  diamidovalerianic  acid,  CgHi^NjO, ;  the  other  a 
homologue  of  creatine,  C^H^NjO,.  Later  he  also  discovered 
among  thedecomposition  products  of  proteids  diamidoaceticacid. 
A  number  of  different  proteids  were  examined  by  the  students  of 
Drechsel,  namely,  E.  Fisher,  Siegfried,  and  Hedin,  and  tbe 
presence  of  the  bases  lysin  and  lysatine  was  demonstrated 
in  all  of  them.  Furthermore,  Siegfried  isolated  besides  these 
two  bases,  a  new  one  having  the  composition  C,iHj,N,0^ 
Hedin  then  obtained,  by  the  decomposition  of  different  proteids, 
arginin,  a  base  of  the  following  formula  : 

NH,  NH, 

I  I 

HN  =  C  —  NH.CH,.CH,.CH,—  CH— COOH 

and  which  was  first  described  by  E.  Schulze  as  a  constituent  of 
vegetating  seeds.  Later  Hedin  also  demonstrated  that  the  sub- 
stance, described  by  Siegfried  as  C^HjjoNgO,,  was  histidin— 
CgHjNgOg — a  base  first  discovered  by  Kossel  as  a  decomposition 
product  of  a  protamine,  **  sturin." 

The  statement  of  R.  Cohn  that  a  pyridin  base  could  be  de- 
tected among  the  other  basic  decomposition  products  of  the  pro- 
teids was  very  recently  retracted  by  him. 

After  the  presence  of  the  basic  substances  in  the  proteid  mol^ 
cule  was  demonstrated,  the  question  arose,  how  are  they 
grouped  in  the  molecule?  and  the  researches  of  Kossel  seemed 
to  fully  answer  it.  Kossel  has  resumed  the  work  of  Miescher 
on  protamines — substances  occurring  mostly  in  fish  sperm  in 
combination  with  nucleic  acid.  The  protamines  had  some  prop- 
erties common  with  proteids ;  tiamely,  they  gave  the  same  color 
reaction  with  an  alkaline  copper  solution  as  the  proteids,  a  test 
known  as  the  * '  Biuret  test, '  *  undergoing  also  the  same  changes 
in  solubility  as  proteids  on  digestion  with  pepsin  hydrochloric 
acid. 

Finally  they  yielded  on  decomposition  the  basic  substances  met 
with  on  decomposition  of  other  proteids.  The  points  of  differ- 
ence were  that  the  protamines  did  not  give  the  other  color  tests 
peculiar  to  proteid  material  and  did  not  contain  the  other  decom- 
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position  products  met  with  on  decomposition  of  proteids  except 
the  •'hexon"  bases.  The  conclusion  was  natural  that  the 
property  of  the  proteids  to  give  the  biuret  test  was  due  to  the 
presence  in  its  molecule  of  a  protamine  group.  Such  actually 
was  the  conclusion  of  Kossel,  and,  according  to  his  theory ,  the 
protamine  is  the  nucleus  of  all  proteids  in  the  same  manner  as 
benzene  is  the  nucleus  of  all  the  aromatic  compounds. 

On  further  investigation,  however,  it  was  found  that  only 
one  protamine,  namely  sturin,  yielded,  on  hydrolysis  with  acids, 
all  the  three  **hexon"  bases,  sturin  yielding  as  well  amidova- 
lerianic  acid.  The  other  protamines,  such  as  clupein,  scombrin, 
salamin,  yielded  only  arginin,  amidovalerianic  acid,  and  an  un- 
known residue.  Cycloytelin  contained  besides  these  an  aromatic 
group.  Thus  it  appeared  that  the  biuret  color  test  is  not  pecul- 
iar to  one  certain  **  protamine  group,"  and  from  this  standpoint 
there  is  no  reason  to  believe  that  all  the  proteids  are  deriva- 
tives of  one  protamine. 

The  analysis  of  animal  proteids  by  Larrow  and  of  plant  pro- 
teids by  Schulze,  Mendel,  and  Levene,  which  have  been  made  up 
to  the  present  time,  have  revealed  in  all  of  them  the  presence  of 
the  three  hexon  bases.  This  would  seem  to  corroborate  the  view 
that  in  proteids  the  biuret  reaction  is  due  to  a  ** protamine.*' 
An  objection  to  the  latter  assumption,  however,  can  be  found 
in  the  researches  of  H.  Schiff. 

H.  Schifi  has  demonstrated  that  the  biuret  reaction  can  be 
obtained  from  different  substances  which  contain  two  CONHj 

CONH, 
groups  combined  together,  either  directly,  like  oxamide  | 

CONH, 
XONH, 
or  joined  on  a  single  carbon  or  nitrogen,  like  biuret  NH/^ 

^CONH, 
xCONH, 
or   malonamine,  CHj/^  .     Another  requisite   is  that  the 

^CONH, 
CONHj  groups  be  combined  in  an  open  chain. 

Thus  H.  Schiff  has  established  the  fact  that  the  property 
giving  the  biuret  color  test  is  peculiar  to^ more  than  one  substance, 
that  this  property  is  due  to  the  presence  in  the  molecule,  not  of 
amido  groups  of  amido  acids,  but  of  two  of  the  radical 
CONH,  grouped  in  a  certain  way ;  that  it  is  not  very 
probable  that  a  combination  of  ** hexon*'  bases  (which,  accord- 
ing to  Kossel's  first  surmise,  constituted  the  protamine  molecule) 
will  necessarily  give  the  biuret  test;  that,  finally,  in  the  prota- 
mines as  well  as  in  other  proteids  the  peculiar  color  formed  on 
addition  of  alkaline  copper  solution  is  due  to  the  presence  in  their 
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respective  molecules  of  a  substance  common  to  all  of  them, 
possibl)',  but  perhaps  not  yet  discovered.  Attempts  were 
also  made  to  estimate  the  quantities  of  the  different  nitrogenous 
compounds  in  the  molecules  of  different  proteids,  so  as  to  estab- 
lish a  basis  for  their  chemical  classification.  Hansemann  has 
analyzed  with  this  in  view  a  great  number  of  proteids,  finding 
that  the  proportion  of  these  constituents  varied  greatly  with  the 
character  of  the  proteid.  Henderson  has,  however,  demonstrated 
that  the  temperature  and  the  duration  of  the  decomposition  has 
a  great  influence  on  the  formation  of  the  different  nitrogenoos 
constituents,  and  thereby  the  conclusions  of  Hansemann  lose 
much  of  their  weight. 

III.      SUI.PHUR. 

It  has  been  accepted  that  the  pioteid  molecule  contains  more 
than  one  atom  of  sulphur,  and  that  the  different  atoms  are  in 
different  forms  of  combination.  This  view  is  based  on  the  fact 
that  proteids  heated  with  a  solution  of  sodium  hydroxide  gener- 
ally gave  up  part  of  their  sulphur  in  the  form  of  hydrogen  sul- 
phide, and  the  rest  of  the  sulphur  was  detected  only  by  means 
of  strong  oxidation,  like  fusion  with  sodium  hydroxide  and 
nitrate.  Attempts  have  been  made  to  establish  the  ratio  between 
the  different  atoms.  However,  the  methods  employed  by  the 
older  authors  were  not  faultless,  as  the  possibility  of  an  oxida- 
tion of  a  part  of  the  hydrogen  sulphide  into  sulphuric  acid  (on 
heating  with  sodium  hydroxide)  was  not  excluded.  The  ques- 
tion thus  needed  new  consideration,  and  such  was  g^ven  to  it  by 
F.  N.  Schultz.  Great  care  was  taken  by  the  latter  to  prevent 
the  possibility  of  oxidation  of  hydrogen  sulphide,  and  in  most 
experiments  only  about  one-third  of  the  total  sulphur  could  be 
obtained  in  the  form  of  hydrogen  sulphide. 

Very  little  has  been  known  in  regard  to  the  nature  of  that 
part  of  the  sulphur  which  could  not  be  obtained  as  hydrogen  sul- 
phide. The  opinion  that  it  is  in  an  oxidized  state  has  been 
proved  to  be  erroneous. 

In  recent  years  a  few  researches  have  appeared  which 
throw  some  light  on  the  subject,  although  none  of  them  gives  a 
final  solution  to  the  problem.  Drechsel  found  among  the 
basic  decomposition  products  of  the  proteids,  a  substance  which, 
on  treatment  with  alkalies,  yielded  ethyl  sulphide.  He,  therefore, 
concluded  that  the  substance  must  be  a  sulphin  base  or  a 
thetin  compound  ;  and  that  a  quadrivalent  sulphur  was  present 
in  the  proteid  molecule. 

A  short  time  after  Drechsers  discovery,  Suter  working  in  Bau- 
mann's  laboratory,  isolated  from  the  decomposition  products 
of  proteids  thiolactic  acid,   and  very  recently  Morner  has  sue- 
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ceeded  in  obtaining,  under  the  same  conditions,  cystein,  which 
is  a  derivative  of  the  former,  as  can  be  easily  seen  from  the 
formulas. 

NH,v        .CH,  Hv        .CH, 

>C<  +HH=         >C<  +NH, 

Baumann  has  demonstrated  further  that  similarly  to  the 
thetin  compounds,  the  cystein  or  thiolactic  acid  yields  ethyl 
sulphide  on  treatment  with  alkalies,  according  to  the  following 
formula : 

2       \c<{      '      =  (CH,.CH,),S  +  2CO,  +  H,S. 
HS/     ^COOH 

Thus,  another  explanation  was  offered  for  the  appearance  of 
ethyl  sulphide  among  the  decomposition  products  of  proteids. 
It  must  be  remembered  that  both  the  substances  ethyl  sulphide 
and  cystein  (cystin)  had  been  detected  in  animal  secretions  long 
before  they  could  be  obtained  directly  from  proteids.  The  for- 
mer was  first  identified  in  the  urine  of  a  dog  by  J.  Abel ;  the 
latter  by  Baumann. 

HAI^OGEN  PROTEIDS. 

Considerable  study  has  been  devoted  to  the  halogen  deriva- 
tives of  the  proteids ;  it  was  expected  that  the  latter  compounds 
would  be  of  great  aid  in  explanation  of  the  constitution  of  the 
proteid  molecule.  The  expectations,  however,  have  not  been 
realized  up  to  the  present  date ;  although  the  future  may  be 
more  successful. 

SYNTHESIS. 

Notwithstanding  that  little  regarding  the  chemical  con- 
stitution of  the  proteid  molecule  is  established,  attempts 
have  already  been  made  to  obtain  a  proteid  synthetically.  In 
recent  years  the  .attempt  was  made  by  Lilienfeld,  who  stated  in 
1894  that  he  was  successful  in  obtaining  a  synthetical  proteid  in 
the  following  way : 

Curtius  and  Goebel  found  that  if  glycocoll-ethyl  ester  was 
allowed  to  stand,  it  yielded  glycocoU  and  a  biuret-giving  sub- 
stance which  Lilienfeld  claimed  could  form  a  condensation  prod- 
uct with  the  ethyl  ester  of  leucin,  ty rosin,  or  aspartic  acid,  which 
product  resembled  peptone  very  closely. 

More  recently,  Lilienfeld  has  modified  his  method  and  ob- 
tained proteids  on  condensation  of  phenol  with  glycocoU  or  with 
asparagin,  etc. 

Klimmer,  however,  justly  remarks  that  Lilienfeld's  substance 
could  scarcely  be  considered  a  peptone  on  the  following  grounds : 
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I.  The  substance  obtained  by  Lilienfeld  yields  readily,  on 
decomposition,  phenol  and  glycocol  which  other  proteids  do 
not,  and  the  color  which  the  substance  takes,  on  treatment 
with  alkaline  copper  solution,  is  not  a  color  resembling  the  bin- 
ret  reaction  very  closely. 

Thus,  little  progress  has  been  made  towards  the  elucidation  of 
the  chemistry  of  the  proteid  molecule  and  its  various  parts. 
Attempts  have  been  made  to  determine  the  weight  of  the  mole- 
cule as  a  whole.  According  to  Sabanejeff  and  Alexandrow,  it  is 
14,900. 
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THE     PRESENT    CONDITION     OF    THE    COAL-TAR 

INDUSTRY/ 

As  the  end  of  the  century  approaches  it  is  interesting  and  in- 
structive to  look  back  and  note  the  wonderful  growth  of  the 
chemical  industries  and  the  great  changes  they  have  undergone, 
especially  in  the  last  few  years,  in  which  many  of  them  have 
been  revolutionized. 

It  may  be  of  interest  to  some  to  consider  the  growth  and  pres- 
ent condition  of  one  of  the  greatest  of  these,  that  of  coal  tar 
and  its  products. 

This  industry  which  originated  in  the  endeavor  to  utilize  a 
troublesome  by-product,  has  grown  to  be  the  one  which  with- 
out doubt  employs  more  scientific  men  in  its  study  and  develop- 
ment than  any  other,  and  a  description  of  all  its  products  and 
their  manufacture  would  be  a  review  of  the  greater  part  of  the 
organic  chemistry  of  to-day. 

About  1822  coal  tar  was  first  distilled  in  England,  but  it  was 
not  until  1856,  the  date  of  the  discovery  of  the  first  aniline  colors, 
that  the  industry  became  an  important  one  ;  'and  it  is  in  the  last 
twenty  years  only  that  it  has  attained  its  present  gigantic  pro- 
portions. 

At  first  the  entire  supply  of  tar  was  derived  from  the  distilla- 
tion of  coal  in  the  manufacture  of  illuminating  gas,  but  under 
the  constantly  increasing  demand,  new  sources  have  been 
developed,  and  these  latter  may  in  time  become  our  main 
supply. 

The  coal  tar  produced  in  modern  gas  plants  is  quite  different 
from  that  of  some  years  ago.  Cast-iron  retorts  were  then  used 
and  the  temperature  of  carbonization  was  comparatively  low. 
The  tar  in  consequence  was  generally  quite  fluid  and  contained 
considerable  toluene,  xylene,  and  phenols,  some  naphthalene  and 
free  carbon.  With  the  introduction  of  fire-clay  retorts,  a 
marked  change  was  noted  and  to-day  the  extreme  high  heat 
produced  by  the  use  of  regenerators  yields  a  tar  which,  con- 
sidered from  the  standpoint  of  the  distiller,  is  of  much  poorer 
quality. 

The  aim  of  the  gas  manufacturer  is  to  get  the  largest  amount 
of  gas  of  good  quality  that  can  be  obtained  from  the  kind  of 
coal  carbonized.  The  high  temperatures  employed  to  do  this 
cause  the  volatile  products  as  they  are  evolved  during  the  distil- 
lation to  be  decomposed  in  contact  with  the  intensely  heated 
sides  of  the  retort  with  separation  of  free  carbon,  and,  as 
exhausters  are  universally  used,  this  is  drawn  out  with  the  gases 
and  deposited  with  the  tar. 

^Chairman's  address  at  the  annual  meeting^  of  the  Philadelphia  Section,  May  17, 1900. 
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The  higher  phenols  and  hydrocarbons  are  split  up  with  forma- 
tion of  large  quanties  of  naphthalene;  therefore,  the  tar  is 
heavier  in  gravity  and  thicker  in  consistency  on  account  of  the 
•presence  of  more  naphthalene  and  carbon  and  less  of  the  liqtiid 
portions. 

As  the  use  of  coal-tar  products  became  more  general,  the 
demand  for  tar  increased  and  in  consequence  the  price  advanced. 
The  supply  being  to  a  certain  extent  fixed,  manufacturers  were 
stimulated  to  look  for  other  sources  of  supply.  Several  plants 
were  built  in  Europe  and  one  in  America  having^  the  production 
of  tar  and  ammonia  as  their  chief  aim,  but  these  were  soon 
found  to  be  unprofitable.  Attention,  however,  had  been  called 
at  an  early  date  to  the  waste  of  these  by-products  in  the  manu- 
facture of  coke,  and  inventors  without  number  entered  the  field 
with  ovens  designed  to  produce  a  good  coke  and  at  the  same 
time  save  the  tar  and  ammonia.  A  number  of  these,  varying  in 
minor  details  of  construction,  have  been  found  to  work  well  in 
practice, — besides,  many  beehive  ovens  have  been  provided  with 
condensing  plants  for  collecting  the  by-products.  The  tar 
obtained  from  these  latter  ovens  and  also  from  the  gases  of  blast- 
furnaces is,  however,  quite  different  in  composition  from  that 
obtained  from  gas  works  or  improved  coke  ovens. 

The  temperature  at  which  the  coal  is  carbonized  in  the  former 
being  much  lower,  the  tar  contains  practically  no  aromatic 
bodies,  and  when  distilled  yields  oils  which  are  free  from  naph- 
thalene, benzene,  and  phenol,  but  instead  contain  compounds  of 
the  paraffin  series,  large  amounts  of  higher  complex  phenok 
and  paraffin;  such  tars  are,  therefore,  of  no  value  to  the  manu- 
facturer of  refined  coal-tar  products. 

In  the  United  States,  owing  to  the  extended  use  of  oil  and 
carburetted  water-gas,  the  output  of  coal  tar  has  been  very  much 
less  in  proportion  to  the  population  than  in  Europe,  and  it  has 
been  heretofore  necessary  to  make  up  the  deficiency  by  import- 
ing creosote  oil  and  pitch.  In  the  last  few  years,  however,  there 
has  been  a  considerable  addition  to  the  domestic  supply.  A 
number  of  beehive  ovens  have  been  fitted  with  condensing 
plants  and  large  batteries  of  improved  coke  ovens  have  been 
erected,  and  from  these  a  fine  grade  of  coke  and  considerable 
tar  is  obtained.  The  American  coals  appear  to  be  much  richer 
than  those  carbonized  abroad. 

In  these  ovens  none  of  the  charge  is  burnt  to  supply  the  heat 
necessary  for  the  carbonization,  as  is  the  case  with  the  older 
forms  of  ovens,  and  therefore,  the  yield  of  coke  is  very  much 
larger,  and  may  even  amount  to  more  than  the  analysis  of  the 
coal  would  seem  to  warrant,  this  being  due  to  the  deposition  of 
carbon  on  the  surface  of  the  coke  by  the  decomposition  of  a  part 
of  the  tar  as  it  is  distilled. 
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The  fact  of  a  larger  yield  and  purer  quality  of  coke  must,  it 
seeths,  finally  force  other  manufacturers  to  adopt  improved 
ovens,  and  if  even  a  part  of  the  20,000,000  tons  of  coke  yearly 
produced  in  this  country  was  made  in  such  ovens  with  recovery 
of  tar,  we  would  pass  from  the  condition  of  a  shortage  of  supply 
to  a  veritable  flood  of  tar,  for  even  a  small  portion  of  which 
there  would  not  appear  to  be  a  market. 

One  of  the  forms  of  ovens  successfully  introduced  is  the 
Semet-Solvay,  of  which  about  300  are  in  operation  in  this 
country.  Those  interested  in  the  subject  will  find  a  full  descrip- 
tion of  them  in  an  article  by  J.  D.  Pennock,  which  appeared  in 
this  Journal^  in  1899. 

The  Otto-Hofmann  ovens  are  used  very  extensively  abroad, 
and  through  the  kindness  of  Dr.  Schniewind,  chemist  of  the 
company,  I  am  informed  that  680  ovens  are  in  operation  in  the 
United  States,  and  that  400  are  now  being  erected  in 
Canada.  The  most  interesting  of  these  plants  is  that  at 
Everett,  near  Boston,  Mass.,  where  400  ovens  are  in  successful 
operation.  These  have  been  fully  described  and  illustrated  by 
Dr.  Schniewind  in  articles  which  have  appeared  in  the  Progres- 
sive Age,  The  plant  is  so  situated  that  coal  from  Nova  Scotia 
can  be  discharged  directly  from  the  steamers,  and  labor  is 
reduced  to  a  minimum  by  the  use  of  every  modern  appliance  for 
handling  the  materials  used  and  produced. 

The  gas  as  it  distils  being  higher  in  candle-power  in  the  first 
hours  of  carbonization,  this  portion  is  collected  by  itself  and 
after  removal  of  tar  and  ammonia,  is  supplied  to  the  city  of 
Boston  and  vicinity.  The  gas  coming  off  in  the  latter  part  of 
the  distillation  is  used,  after  the  tar  has  been  removed,  to  heat 
the  ovens.  The  coke  is  equal  in  quality  to  the  best  metallur- 
gical coke  and  is  sold  for  this  purpose  or  broken  into  various 
sizes  for  domestic  use. 

It  would  seem  that  this  novel  and  interesting  application  of 
the  coke  oven  is  destined  to  come  into  general  use  for  large 
cities. 

The  tar  from  these  ovens  resembles  the  average  retort  tar 
except  that  it  does  not  contain  as  much  low-boiling  hydrocarbons 
or  phenol. 

A  certain  amount  of  tar  is  also  obtained  from  the  manufacture 
of  oil-  and  water-gas  but  they  are  of  much  less  value  than  pure 
coal  tar.  The  water-gas  tar  is  especially  diflScult  to  utilize  as  it 
contains  from  50  to  75  per  cent,  of  water  in  the  state  of  an  emul- 
sion which  will  not  separate  on  standing. 

In  the  United  States  tar  is  usually  distilled  into  light  oil, 
heavy  oil,  and  pitch.  The  light  oil  comprises  the  first  portions 
of  the  distillate  until  the  oil,  as  it  runs  off,  sinks  in  water.     The 

1  Ttaii  Journal,  si,  678. 
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entire  distillate  when  mixed  has  a  gravity  from  0.93  to  0.98.  Its 
nature  has  varied  with  the  change  in  the  tar  as  noted  above, 
formerly  they  were  quite  fluid,  but  now  in  most  cases  they  are 
semisolid  from  naphthalene. 

The  pitch  remaining  in  the  still  after  the  distillation  is  known 
as  soft  pitch,  and  is  adapted  for  roofing  or  paving  purposes. 

Formerly  it  was  customary  to  run  to  hard  pitch  which  was  sent 
abroad  to  be  used  in  the  manufacture  of  compressed  fuel ;  the 
anthracene  oil  obtained  by  this  distillation  was  filtered  and  the 
anthracene  pressed  in  hydraulic  presses,  making  40  per  cent 
anthracene.  This  was  shipped  to  England  and  used  in  the 
manufacture  of  alizarin.  At  that  time  anthracene  was  one  of 
the  most  valuable  of  the  crude  tar  products,  but  the  price  has 
now  fallen  so  low  that  it  does  not  pay  to  export  it,  and  there  is 
very  little  sale  for  hard  pitch  as  the  manufacture  of  briquettes 
for  fuel  is  carried  on  in  a  limited  way  only.  The  manufacture  of 
anthracene  has,  therefore,  been  abandoned  for  some  years. 

The  demand  for  creosote  oil  has,  on  the  contrary,  been  con- 
stantly increasing  owing  to  its  extensive  use  in  creosoting 
lumber,  a  number  of  plants  for  this  purpose  being  in  operation 
here. 

Oil  for  this  purpose  is  required  to  conform  to  certain  specifi- 
cations ;  formerly  it  was  deemed  necessary  to  have  a  large 
amount  of  tar  acids,  but  now  it  is  recognized  that  the  naphthalene 
is  a  much  more  important  agent  in  the  preservation  of  lumber ;  and 
in  consequence,  specifications  require  40  to  50  per  cent,  to  be 
present,  and  in  cold  weather  the  oils  are  often  entirely  solid  from 
separated  naphthalene.  In  this  connection,  it  is  well  to  call 
attention  to  the  fact  that  many  specifications  call  for  50  percent, 
of  naphthalene  and  yet  require  the  oil  to  be  limpid  at  90'  F., 
which  is  an  impossibility  when  such  a  large  amount  of  naphtha- 
lene is  present. 

When  we  come  to  consider  the  refined  products  of  coal-tar  we 
can,  in  the  short  time  at  our  disposal,  mention  only  the  most 
important.  In  general  it  may  be  said  that  each  year  greater 
purity  is  demanded  by  consumers,  and  a  large  number  of  the 
commercial  products  are  practically  chemically  pure. 

This  branch  of  the  industry  has  not  made  as  great  strides  in 
the  United  States  as  it  should.  A  severe  blow  was  dealt  when 
nearly  all  the  protective  duties  were  removed  a  few  years  ago. 
Formerly  there  was  on  the  most  of  them  a  duty  of  20  per  cent, 
which  enabled  the  American  manufacturer  to  compete  notwith- 
standing the  higher  wages  ruling  here. 

The  use  of  special  labor-saving  machinery  which  has  done  so 
much  to  enable  our  manufacturers  to  enter  the  markets  of  the 
world'is  not  an  important  factor  in  this  industry,  which,  owing 
to  its  nature,  does  not  permit  the  extensive  use  of  such  labor- 
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saving  devices,  and  where  machinery  can  be  used,  we  find  the 
German  manufacturers,  who  are  our  chief  competitors,  have  the 
most  improved  devices  in  this  line. 

If  we  compare  the  estimates  of  cost  of  manufacture  by 
American  and  German  experts,  the  item  of  labor  is  seen  to  be  a 
very  serious  one.  For  ordinary  labor  we  must  pay  from  14  to  15 
cents  per  hour,  German  estimates  are  based  on  6  to  7  cents. 
In  the  pay  of  skilled  mechanics  the  difference  is  even  more 
striking :  carpenters,  masons,  machinists,  boiler  and  tank 
makers,  receive  from  30  to  45  cents  per  hour,  while  the  prices 
abroad  are  scarcely  50  per  cent,  of  these.  This  has  a  twofold 
efiect  on  the  industry  :  first,  in  increasing  the  item  of  repairs  and 
maintenance,  which,  owing  to  the  nature  of  the  business,  is  a 
very  large  one,  necessitating  the  constant  renewal  of  parts 
destroyed  in  the  processes.  Second,  it  handicaps  the  manufacturer 
by  requiring  a  larger  outlay  of  capital  to  erect  the  plant  than  is 
the  case  abroad.  A  conservative  estimate  would  be  that  an 
average  plant  would  cost  twice  as  much  here  as  in  Germany. 

Of  all  the  refined  products,  benzene  has  probably  been  sub- 
ject to  the  greatest  fluctuations.  The  demand  for  this  article 
increased  so  rapidly  that  the  price  became  very  high,  and 
efforts  were  made  in  all  directions  to  perfect  processes  which 
^would  produce  it  independently  of  the  gas  works.  It  was  at 
this  time  that  the  endeavor  was  made  both  in  Europe  and 
America  to  distil  coal  in  retorts  at  the  mines  with  the  making 
of  benzene  as  their  prime  object ;  but,  as  already  stated,  these 
were  soon  abandoned.  A  plant  was  also  built  in  Ohio  to  manu- 
facture benzene  and  its  homologues  from  petroleum  residues 
but  without  success. 

Attention  had  been  called  at  an  early  day  to  the  large  amount 
of  benzene  present  in  the  coal  gas,  amounting  to  about  twenty 
times  as  much  as  is  present  in  the  tar  irom  the  same  gas.  It  was 
manifestly  impossible  to  remove  it  from  the  gas  without  destroy- 
ing, to  a  large  extent,  its  illuminating  power,  but  this  objection 
did  not  hold  good  with  the  gas  obtained  from  the  improved  coke 
ovens,  and  appliances  were  added  to  these  plants  to  remove  this 
benzene.  A  large  number  of  such  plants  are  in  operation 
abroad  at  this  time ;  the  gas  from  the  ovens  after  removal  of  tar 
and  ammonia  is  forced  through  specially  designed  towers,  in 
which  the  gas  is  brought  into  intimate  contact  with  a  fraction 
of  oil  from  coal  tar.  This  oil  absorbs  the  benzene,  and  when 
saturated,  is  heated,  and  the  crude  benzene  driven  out.  The 
product  thus  obtained  is  equal  to  about  90  per  cent,  benzene ; 
that  is  to  say,  consists  of  about  70  per  cent,  benzene,  20  to  25 
per  cent,  of  toluene,  and  the  balance  of  higher  bodies.  The 
introduction  of  these  benzene  extracting  plants  may  be  said  to 
have  been  too  successful,    as  the  price   has  fallen  to  such  an 
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extent  that  the  extraction  at  present  is  hardly  remunerative. 
We  are,  however,  assured  of  a  source  of  supply  which  can  be 
readily  increased  as  the  demadd  warrants.  The  present  supply' 
is  undoubtedly  more  than  the  demand  ;  toluene,  however,  is  not 
obtained  in  such  large  quantities  by  this  method  and  as  the 
demand  is  steadily  increasing  owing  to  many  new  uses,  amocg 
them  the  manufacture  of  artificial  indigo,  the  price  has  advanced 
so  that  it  is  now  selling  abroad  at  a  higher  price  than  benzene, 
while  formerly  the  reverse  was  the  case.  At  the  present  time 
there  is  no  plant  in  operation  in  this  country  extracting  the 
benzene  from  gas. 

The  low  price  of  benzene  permits  it  to  be  used  in  many  indns- 
tries  as  a  solvent  for  the  extraction  of  chemicals  and  drugs,  and 
immense  quantities  are  used  abroad  for  enriching  gas. 

Naphthalene  is  one  of  the  coal-tar  products  which  is  now 
manufactured  on  a  very  large  scale  in  a  great  degree  of  purity. 
This  article  has  advanced  considerably  in  price  owing  both  to 
the  great  demand,  and  to  the  fact  that  crude  naphthalene  is  now 
readily  sold  without  removal  from  the  creosote  oil  for  reasons 
stated  above.  Before  the  duties  were  removed,  there  were  three 
factories  manufacturing  the  article  in  this  country  ;  since  it  has 
been  placed  on  the  free  list  only  one  of  these  survives.  The 
output  is  chiefly  used  as  a  substitute  for  camphor  for  destroying 
moths. 

Crystal  carbolic  acid  or  phenol  is  one  of  the  few  tar  products 
which  has  not  suffered  the  general  decline. 

In  all  the  varied  new  sources  of  supply  of  other  tar  products, 
none  has  been  found  which  promises  increased  output  of  phenol. 
The  coke  oven  tar  does  not  appear  to  yield  much  phenol,  so  that 
while  the  supply  is  constant  or  perhaps  increasing  slightly,  it 
does  not  keep  pace  with  the  large  demand,  the  chief  of  whidi  is 
for  the  manufacture  of  picric  and  salicylic  acids.  A  limited 
amount  of  phenol  is  made  in  this  country,  and  considerable 
refined  from  imported  materials,  but  the  great  bulk  comes  to  us 
in  a  finished  condition  from  Europe. 

Nitrobenzene,  nitrotoluene,  and  other  nitro  compounds  arc 
made  in  one  factory,  the  output  being  mainly  used  by  manu- 
facturers of  colors  and  explosives.  A  certain  quantity  of  recti- 
fied nitrobenzene,  known  as  oil  of  myrbane,  is  used  by  manu- 
facturers of  soaps  and  oils. 

Aniline  oil  which  is  made  in  such  large  quantities  abroad  is 
not  made  at  present  in  this  country.  Its  manufacture  was 
undertaken  a  number  of  years  ago  by  makers  of  colors  but 
abandoned  as  it  was  found  the  article  could  be  imported  at  less 
cost.  A  factory,  however,  is  now  being  equipped  for  its  manu- 
facture, and  in  a  few  weeks  will  be  in  operation. 
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Acetanilide  is  made  by  two  or  three  factories  and  they  supply 
nearly  all  the  requirements  of  this  market. 

When  the  tariff  on  coal-tar  products  was  revised  and  most 
articles  placed  on  the  free  list,  for  some  reason,  salicylic  and 
benzoic  acids  were  singled  out  from  all  other  compounds  and 
favored  with  the  specific  duty  of  10  cents  per  pound.  In  con- 
sequence, a  number  of  works  are  now  producing  the  former  acid, 
'  using  imported  phenol . 

The  finer  organic  compounds  are  apparently  not  produced 
except  vanillin,  which  is  being  made  by  at  least  two  if  not 
three  firms. 

Notwithstanding  the  great  competition  of  Europe  in  aniline 
colors,  the  American  manufacturers  have  in  the  last  few  years 
made  decided  strides,  although  as  yet  they  appear  to  have  con- 
fined themselves  to  the  older  standard  colors.  They  are  aided 
by  a  duty  of  20  per  cent,  with  practically  all  their  raw  materials 
free.  They  still  labor,  however,  under  the  disadvantage  of 
having  to  import  a  gr^at  deal  of  their  supplies.  There  are  at 
present  five  factories  in  operation. 

It  will  be  seen  from  this  rapid  review  that  there  is  still  a  wide 
field  for  the  chemist  and  manufacturer  in  this  country ;  and  with 
a  gradual  increase  in  the  output  of  crude  materials,  it  is  to  be 
hoped  and  expected  that  in  a  few  years  we  will  produce  a  large 
amount  of  the  enormous  quantity  of  these  products  now  imported. 

England  appears  to  have  fallen  out  of  the  race  in  the  competi- 
tion for  the  American  trade,  especially  in  the  finer  coal-tar 
products,  and  Germany  is  now  in  the  lead,  even  competing  with 
England  in  the  cruder  preparations.  To  show  the  important 
position,  held  by  Germany,  attention  is  called  to  the  statis- 
tics compiled  by  the  German  government  up  to  July  1898, 
on  which  date  there  were  25  factories  devoted  to  anilin  and  anilin 
dyes,  and  48  establishments  which  made  dyestuffs,  carbolic  acid, 
and  other  coal-tar  preparations.  Among  the  exports  for  1898 
were : 

9,321  metric  tons,  alizarin, 
19,712  metric  tons,  coal-tar  colors. 
12,360  metric  tons,  aniline  oil  and  salts. 

In  this  latter  class  the  exports  of  1898  were  nineteen  times  as 
much  as  in  1883. 

H.  W.  Jayne. 
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NOTE. 

Qualitative  Tests f or  Boracic  Acid. — It  seems  nottohaveoccarred 
to  authorities  on  the  subject  to  test  the  effect  of  the  alcoholic 
vapors  of  boracic  acid  on  turmeric  paper.  We  find  that,  if  the 
test  is  applied  in  the  following  manner,  the  presence  of  boracic 
acid  in  minerals  is  rendered  more  certain  and  delicate. 

Use  a  test-tube  about  2.5  cm.  in  diameter  and  20  cm.  long.  Pat 
into  the  tube  about  o.i  gram  of  the  substance,  0.5  cc.  hydro- 
chloric acid,  and  10  cc.  wood  alcohol.  Boil  vigorously  down  to 
small  bulk,  agitating  the  lower  end  of  the  tube  in  flame  of  burner, 
and  holding  the  moistened  end  of  a  piece  of  turmeric  paper  just 
outside  the  mouth,  so  as  to  catch  the  vapors.  Boracic  acid  will 
finally  color  the  turmeric  a  characteristic  red.  Now,  if  the  tur- 
meric is  placed  vertically  on  the  side  of  a  beaker  so  as  to  dip 
into  a  little  distilled  water  to  which  a  few  drops  of  ammonia 
have  been  added,  a  pinkish  to  deep  purple  or  blue  will  be  pro- 
duced, in  marked  contrast  to  the  red  produced  by  the  ammonia 
on  the  end  of  the  paper  unaffected  by  the  vapors. 

^^  ^^niy^^i^!''"'  E.  M.  Wade  and  M.  L.  Wade. 
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The    Calcolations    of    Anai.yttcai,    Chemistry.    By   Edmund  H. 
Mii^i^ER,  Ph.D.     New  York ;  The  Macmillan  Co.     1900.     viii  -f  183  pp. 

In  nearly  all  of  the  books  published  on  the  calculations  of 
analytical  chemistry  there  is  a  distinct  statement  in  the  preface 
that  the  book  has  been  published  with  the  idea  of  preparing  the 
student  to  pass  certain  examinations.  This  pernicious  system, 
fortunately,  has  not  invaded  the  American  text-book  to  anything 
like  the  same  extent  as  it  has  the  English  books  of  the  same  class. 
There  has  been  in  the  past  scarcely  any  attempt  to  lay  down 
general  principles  in  regard  to  chemical  calculations.  This 
book  is  a  decided  advance  in  an  attempt  to  treat  the  subject 
from  a  broad  point  of  view.  Just  how  far  it  will  succeed  remains 
to  be  seen,  for  there  are  hardly  any  two  teachers  who  will  treat 
the  subject  in  the  same  way.  All  will,  I  believe,  agree  that  it  is 
a  distinct  advance  to  present  such  a  subject  entirely  free  from 
formulas.  The  student  is  asked  to  solve  the  problems,  applying 
his  general  knowledge  of  chemistry.     If  he  has  been  successful 
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in  applying  and  understanding  the  laws,  he  can  then  construct 
his  formulas  if  he  so  wishes. 

The  book  consists  of  ten  chapters  divided  as  follows :  calcu- 
lations of  chemical  equivalents  and  atomic  weights ;  formulae 
and  percentage ;  mixtures  having  a  common  constituent ; 
equations ;  use  of  factors ;  volumetric  analysis ;  density  of 
solids  and  liquids ;  gases ;  calorific  power  ;  electric  and  elec- 
trolytic calculations  for  direct  currents.  In  addition  there  is  a 
series  of  tables  of  weights,  measures,  specific  gravities,  factors, 
logarithms,  etc.,  which  will  be  found  useful  to  any  one  having 
occasion  to  make  any  calculations.  There  will,  probably,  be  a 
greater  difference  of  opinion  over  the  chapter  on  normal  solutions 
than  over  any  other.  The  author's  development  of  the  subject  is 
satisfactory,  but  he  has  not  exhausted  the  possibilities  for  clear 
treatment  of  a  subject  which  can  be  made  particularly  attractive 
and  instructive.  The  book,  if  used  in  connection  with  class- 
room work,  will  undoubtedly  be  of  great  value,  and  should  help 
the  student  to  a  much  clearer  understanding  of  the  quantitative 
values  of  chemical  laws.  Henry  Fay. 

Coi^ouR :    A   Handbook  of  the  Theory  of  Co]X)ur.   .By  George  H. 
Hurst.     New  York  :  D.  Van  Nostrand  Co.     1900.     Price,  I2.50. 

The  author  of  this  book  of  158  pages  is  a  member  of  the 
Society  of  Chemical  Industry,  and  is  already  known  by  his 
works  on  soaps,  lubricating  oils,  painters'  colors,  and  a  ''  Dic- 
tionary of  Coal  Tar  Colours.*'  In  this  handsomely  printed 
volume  he  endeavors  to  present  to  those  familiar  with  the  prac- 
tical printing  and  dyeing  of  textile  fabrics,  and  the  mixing  of 
colors  for  artistic  effects,  the  theory  of  color,  its  cause  and  pro- 
duction, together  with  some  account  of  the  instruments  used  by 
scientific  men  in  the  study  and  measurement  of  color.  The 
opening  chapter  treats  of  the  prismatic  colors,  the  spectroscope, 
wave  motion,  phosphorescence,  fluorescence,  luminosity,  and  so 
forth,  in  the  compass  of  31  pages.  Other  chapters  deal  with  the 
theories  of  color  as  propounded  by  Young,  Helmholtz,  Brewster, 
and  Maxwell,  with  the  physiology  of  light,  with  contrast,  and 
with  the  application  of  color  to  decoration  and  design.  In  his 
preface  Mr.  Hurst  acknowledges  his  indebtedness  to  the  manuals 
of  Chevreul,  Benson,  Rood,  and  Church. 
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The  book  is  illustrated  freely,  containing  no  less  than  72  cuts 
and  10  full-page  colored  plates ;  unfortunately  for  readers  the 
plates,  many  of  which  contain  several  figures,  are  simply 
numbered  and  bear  no  references  to  the  pages  on  which  the  text 
occurs  that  explains  the  figures,  or  that  the  figures  illustrate. 
The  figures  on  plate  IV  refer  to  texts  on  pages  79,  105,  106, 
and  114,  and  yet  the  plate  faces  page  48,  and  no  indication  b 
given  of  these  references.  It  is  true  that  the  plates  should  be 
regarded  as  illustrating  the  text,  but  if  the  latter  is  first  exam- 
ined it  will  be  found  that  references  are  not  much  clearer;  on 
page  63  a  reference  to  '*  Fig.  2,  Plate  3  "  should  read  **  Plate II., 
Fig.  2,**  and  that  to  '*  Fig.  3  **  of  the  same  plate  should  read 
**Fig.  4."  Throughout  the  book,  the  plates  bearing  Roman 
numerals  are  referred  to  by  Arabic  figures,  and  lack  of  uniformity 
in  the  sequence  of  **  Plate*'  and  **Fig.*'  increases  the  confusioD. 
This  unhappy  blemish  prevents  easy  study  of  the  brilliant  plates, 
but  can  be  corrected  in  a  second  edition.  There  is  an  index 
and  the  volume  is  well  bound.  H.  Carrington  Boi^Toir. 

A  PocKHT  Book  for  Chbmists.  By  Thomas  Bayi^ky.  New  York: 
Spon  &  Chamberlain ;  London :  E.  &  F.  N.  Spon,  Ltd.  SeTeDth 
edition,    'xii  +  559  pp.     Price,  I2.00. 

This  book  is  already  well  known  to  chemists.  The  new  edi- 
tion, according  to  the  preface,  has  been  *' rearranged  and  to  a 
large  extent  rewritten. '  *  In  spite  of  this  much  is  yet  to  be  desired 
in  the  arrangement  of  the  tables  and  many  of  them  might  be 
presented  in  a  much  simpler  and  more  compact  form.  In  the 
selection  of  matter,  it  seems  to  the  reviewer,  that  the  author  has 
attempted  to  cover  too  much  ground  and  that  many  of  the  tables 
are  so  seldom  used  and  are  so  readily  accessible  to  any  one 
having  occasion  to  use  them  that  they  could  well  be  cut  out, 
while  others  such  as  those  under  the  sections  X,  alcohol,  XI, 
beer,  and  XII,  sugar,  might  well  be  left  for  the  special  pocket- 
books  gotten  out  for  these  industries.  Of  course  there  is  no 
objection  to  the  insertion  of  these  tables  except  that  they  add  to 
the  size  of  the  book  and  make  the  useful  tables  less  readily 
turned  to.  In  spite  of  these  defects  the  book  contains  much 
valuable   information   and   many   tables   in  cvery-day  use  by 

chemists. 

Richard  K.  Meade. 
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F1KI.D  Testing  for  Gold  and  Silver.  A  Practical  Manual  for  Pros- 
pectors and  Miners.  By  W.  Hamilton  Merritt.  London :  Crosby 
&  Lock  wood ;  New  York :  D.  Van  Nostrand  Co.  i6mo.  x  +  144  pp. 
Illustrated.     Price,  $1.50. 

This  is  a  book  for  the  prospector  and  contains  full  directions 
for  such  rough  tests  as  can  readily  be  used  in  the  field.  Part  I 
(72  pp.)  is  devoted  to  assaying,  Part  II  to  practical  mineralogy 
and  geology,  and  Part  III  contains  a  glossary  of  useful  mining 
terms  and  a  list  of  common  rock-forming  minerals  and  rocks. 
The  booklet  is  bound  in  flexible  leather,  and  is  of  a  size  suitable 
for  pocket  use.  E.  H. 

The  Manufacture  op  Varnishes  :  Oil  Crushing,  Refining  and 
Boiling.  Prom  the  French  of  Ach.  Livache,  extended  and  adapted  to 
English  practice  by  John  Geddes  Mcintosh.  London  :  Scott,  Green- 
wood &  Co.     1899. 

This  book  contains  some  information  about  raw  materials 
which  may  interest  the  novice,  nearly  half  the  space  being 
devoted  to  this,  the  greater  part  of  which  is  reasonably  correct. 
The  author  has  collected  a  good  deal  of  somewhat  antiquated 
chemical  literature  on  resins,  the  value  of  which  is  well  indi- 
cated by  the  luminous  observation  on  p.  18  that  **  The  data  are 
of  no  value,  except  in  regard  to  the  variety  of  copal  which  is 
referred  to;  and  this  is  exactly  the  point  which  the  investigators 
have  almost  invariably  omitted  to  supply;''  and  **of  little  or 
no  value  to  the  practical  varnish  maker.'*  The  book  is  equally 
remarkable  for  what  it  contains  and  what  it  leaves  out.  For 
example,  no  reference  is  made  to  the  almost  universal  practice 
of  hardening  rosin  with  lime ;  and  it  would  be  hard  to  compress 
more  ignorance  of  the  facts  and  of  modern  literature  on  asphal- 
tums  into  a  sentence  than  the  following:  *' In  its  composition 
this  mineral  (Manjak)  is  similar  to  the  pitch  of  Trinidad,  to  the 
gilsonite  of  Utah  and  the  Canadian  albertite."  Nothing  is  said 
about  oil-soluble  aniline  colors,  but  the  incorrect  statement  is 
made  that  indigo-carmine  is  soluble  in  oil  (p.  86).  The  present 
reviewer  is  not  competent  to  criticize  the  chapter  on  spirit 
varnishes,  except  on  one  or  two  points.  Shellac  varnish  is  said 
to  be  made  by  dissolving  one  part  of  shellac  in  5  to  12  parts  of 
alcohol;  such  a  solution  can  not  be  sold  in  this  country,  and 
probably  not  in  England ;  regular  shellac  varnish  is  made  with 
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5  pounds  of  shellac  to  6^  pounds  of  alcohol.  Much  is  said 
about  wax  in  shellac  but  none  of  the  practical  modem  methods 
of  removing  it  are  given.  A  brief  and  valueless  section  is 
given  to  the  important  subject  of  asphaltum  varnishes.  The 
preparation  of  raw  linseed  oil  is  well  described ;  but  a  lot  of 
venerable  and  worthless  recipes  for  bleaching  it  are  given, 
reference  being  sometimes  made  to  **  water-white"  or  **  color- 
less" oil,  something  never  yet  produced,  even  approximately. 
The  author  seems  ignorant  of  modern  methods  of  oil-treatment, 
the  most  recent  one  referred  to  being  Hartley's,  which  had  been 
known  and  abandoned  in  this  country  before  Hartley  patented 
it. 

Aside  from  references  to  Mulder  and  Chevreul  (not  very  new) 
the  treatment  of  the  subject  of  driers  is  unsatisfactory.  The 
fact  is  that  the  essential  thing  is  to  get  a  certain  amount  of  lead 
or  manganese  into  the  oil,  it  makes  no  difference  whether  we 
use  oxides,  borates,  or  anything  else;  the  other  factor  is 
the  temperature  needed.  Zinc  and  magnesia  salts  are  of  no 
value,  and  are  long  out  of  date.  Contrary  to  the  statement  on 
pp.  263-4,  this  reviewer  has  made  excellent  driers  of  nickel  and 
cobalt,  but  they  are  too  costly. 

The  section  on  oil  and  resin  varnishes  is  especially  unsatis- 
factory. It  seems  as  if  the  translator  ought  to  have  been  able 
to  get  some  valuable  matter  for  this,  since  the  English  varnish- 
makers  produce  varnishes  which  are  up  to  date  and  of  great 
excellence ;  but  such  does  not  appear  to  have  been  the  case. 
The  curious  statement  is  several  times  made  that  in  melting 
resins  it  is  better  to  work  with  small  quantities,  3  to  5  pounds, 
because  the  discoloration,  produced  by  contact  with  the  metal 
of  the  melting-pot,  is  less.  Both  theory  and  practice  ought  to 
show  that  the  larger  the  vessel  and  the  amount  of  resin  the 
smaller  is  the  heating  surface  per  pound  of  resin,  and  the  less 
the  discoloration.  It  is,  therefore,  possible  to  melt  125  pounds  at 
a  time,  which  is  the  common  American  practice,  and  make  a 
paler  product  than  can  be  made  in  the  laboratory.  Before  the 
use  of  the  thermometer  in  this  work  the  varnish-maker  had 
various  tests  of  heat,  such  as  dropping  in  a  bit  of  onion  peel, 
which  would  brown  and  shrivel,  or  a  feather,  which  would  curl 
up  with  the  heat  when  the  temperature  had  reached  a  certain 
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point ;  but  this  fried-onion  and  burnt-feather  business  has  now 
gone  out  of  practice,  notwithstanding  what  is  said  about  it  in 
this  treatise. 

One  of  the  chief  authorities  quoted  is  Violette.  Now  Vio- 
lette  worked  about  half  a  century  ago,  and  if  he  ever  knew 
anything  about  practical  varnish-making,  which  is  doubtful, 
his  book  is  out  of  date ;  and  this  is  the  general  verdict  to  be 
passed  on  this  book.  It  is  misleading  to  the  student,  and  of  no 
value  to  the  varnish-maker.  A.  H.  Sabin. 
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AMONG  determinations  in  mineral  and  rock  analysis,  upon 
the  accuracy  of  which  great  stress  is  laid,  is  that  of  iron 
in  the  ferrous  condition.  It  is  of  special  importance  because  an 
error  attaching  to  it  affects  in  like  degree  but  opposite  direction 
the  ferric  iron  that  is  also  nearly  always  present.  Up  to  about 
the  year  1867,  the  only  method  for  its  determination  giving  at 
all  satisfactory  results  was  that  of  A.  Mitscherlich,'  depending 
on  the  decomposition  of  the  mineral  at  high  temperature  by 
rather  strong  sulphuric  acid  (3  parts  acid  to  i  part  water  by 
weight)  in  a  sealed  tube  from  which  air  has  been  expelled,  and 
subsequent  titration  of  the  ferrous  iron  by  permanganate.  When 
pure  hydrofluoric  acid  became  a  commercial  article,  the  above 
method  gave  place  in  large  measure  to  one  depending  on  the 
decomposition  of  the  silicate  by  a  mixture  of  dilute  sulphuric 
and  hydrofluoric  acids  at  atmospheric  pressure  and  a  tempera- 

1  Published  by  permission  of  the  Director  of  the  United  States  Geologrical  Survey. 
^J.prakt.  Chem.,  8i»  ii6  (i860). 
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ture  not  above  100*  C,  care  being  taken  as  before  to  prevent 
contact  with  air.* 

It  became  known  in  the  laboratory  of  the  United  States  Geo- 
logical Survey  fully  twelve  years  ago  that  the  two  methods  gen- 
erally give  discordant  results  when  applied  to  the  same 
rocks,  the  Mitscherlich  method  in  such  cases  always  showing 
the  higher  figure  for  ferrous  iron.  With  low  percentages  of  iron 
the  discrepancies  were  not  very  great,  but  they  seemed ,  in  general, 
to  increase  as  the  ferrous  oxide  rose,  until,  with  a  rock  showing 
10  per  cent,  ferrous  oxide  by  the  hydrofluoric  acid  method,  the 
Mitscherlich  method  might  give  12  per  cent.  Experiments  with 
artificial  ferrous  salts  threw  no  light  on  the  subject,  for  both 
methods  gave  with  them  the  same  sharp  and  concordant  results. 

Until  very  recently  no  cause  suggested  itself  whereby  the  dis- 
cordance could  be  explained.  In  theory,  the  Mitscherlich 
method  seemed  perfect,  and  it  was  concluded  that,  given  entire 
decomposition  of  all  ferruginous  minerals,  the  determinations 
made  by  it  were  nearer  the  truth  than  those  by  the  hydrofluoric 
acid  method.  That  the  reverse  is  true  in  most  cases,  appears  as 
the  result  of  work  done  in  this  laboratory  in  an  entirely  different 
connection. 

In  the  first  place,  it  had  been  found  by  long  experience  that 
nearly  all  rocks  carry  small  amounts  of  sulphides — p3'rite,  pyr- 
rhotite,  or  both — often  visible  to  the  eye,  but  more  often  in  such 
small  amount  as  to  escape  direct  observation.  One  of  ns 
(Stokes),  in  an  investigation  now  in  progress  on  the  oxidizing 
action  of  ferric  salts  on  sulphur,  pyrite,  and  other  sulphides,  has 
found  that  this  action  is  vastly  more  rapid  and  complete  than 
has  hitherto  been  suspected  ;  that  not  only  is  the  metal  of  the 
sulphide  oxidized,  but  the  sulphur  to  sulphuric  acid  as  well. 

The  application  of  these  observations  to  rock  analysis  shows 
that  the  presence  of  0.0 1  per  cent,  of  sulphur  in  any  unoxidized 
form  may  produce  a  maximum  error  of  0.135  per  cent,  in  the 
ferrous  oxide  determination  and  the  not  infrequent  amount  of 
o.  10  per  cent,  of  sulphur  will  multiply  this  error  by  10.  One 
atom  of  sulphur  (32)  requires  for  its  complete  conversion  into 
trioxide  the  oxygen  of  three  molecules  of  ferric  oxide  (480), 
which  then  becomes  six  molecules  of  ferrous  oxide  (432).    The 

»  J.  p.  Cooke :  Am.  J.  Set.  (2).  44,  347  (1867). 


DETERMINATION   OP   FERROUS  IRON.  627 

case  is  still  worse  with  the  sulphide,  since  not  only  the  sulphur, 
but  its  accompanying  metal  must  be  oxidized.  The  above  per- 
centages of  sulphur  evolved  as  hydrogen  sulphide  and  fully 
oxidized  would  involve  errors  in  the  ferrous  oxide  determination 
of  0.18  per  cent,  and  1.80  per  cent.,  respectively.  The  error 
caused  by  sulphides  tends  to  become  greater  the  more  there  is 
present  of  either  or  both  sulphide  or  ferric  salt.  Now  the  highly 
ferruginous  rocks  usually  carry  more  ferric  iron  than  the  less 
ferruginous  ones,  and  they  are  often  relatively  rich  in  pyrite 
and  pyrrhotite  ;  hence  the  increased  discrepancy  between  the  re- 
sults by  the  two  methods,  as  the  iron  contents  of  the  rock  rise, 
is  fully  in  accord  with  the  above  explanation. 

The  following  experiments  made  by  Stokes  (somewhat  out  of 
their  contemplated  order  in  his  investigation  referred  to)  bear 
out  the  above  statements  most  fully  and  show  that  the  Mitscher- 
licb  method  for  rocks  and  all  minerals  which  contain  even  a 
trace  of  free  sulphur  or  sulphides  is  no  longer  worthy  of  a  mo- 
ment's consideration. 

Experiment  i. — 0.0010  gram  pyrite  was  heated  with  25  cc.  of 
a  sulphuric  solution  ( i  part  acid  to  3  parts  water  by  weight)  of 
ferric  ammonium  sulphate  (0.0470  gram  of  ferric  oxide)  in  a 
horizontally-lying  sealed  tube  for  six  hours  at  175''  to  195°  C. 
All  air  had  been  carefully  replaced  by  carbon  dioxide.  The 
pyrite  had  nearly  disappeared,  and  titration  with  permanganate 
showed  a  consumption  of  oxygen  equivalent  to  0.0068  gram  fer- 
rous oxide.  Complete  oxidation  of  the  pyrite  would  have  re- 
quired oxygen  equivalent  to  0.0090  gram  ferrous  oxide. 

Experiment-  2. — This  was  exactly  like  the  first,  except  that 
0.0013  gram  pyrite  was  used.  Permanganate  was  reduced 
equivalent  to  0.0090  gram  ferrous  oxide.  Had  oxidation  been 
complete  the  figure  would  have  been  0.0117  gram. 

It  is  quite  possible  that  in  both  of  these  experiments  the  oxida- 
tion would  have  been  complete  had  the  pyrite  been  disseminated 
throughout  a  greater  space  in  the  tube,  as  is  the  case  when 
rocks  and  minerals  are  treated,  because  of  the  presence  of  a 
gram  or  thereabouts  of  diluting  quartz  and  silicates. 

Had  precisely  similar  experiments  been  made  with  rock 
powders  carrying  o.  10  per  cent. ,  and  0.13  per  cent. ,  of  pyrite  with 
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4.7  per  cent,  of  ferric  oxide  and  no  ferrous  oxide,  the  following 
erroneous  results  might  have  appeared  : 

I.  n. 

Ferrous  oxide 0.68  0.91 

Ferric  oxide 4.00  3.76 

To  overcome  the  possible  objection  that  the  foregoing  experi- 
ments were  not  conclusive  as  to  the  worthlessness  of  the  Mitsch- 
erlich  method  in  presence  of  sulphides  because  the  concentration 
of  the  acid  was  very  different  from  the  normal,  the  following 
sealed  tube  experiments  were  made  with  acid  of  the  normal  strength 
(3  parts  acid  to  i  part  water  by  weight)  without  any  ferric  salt, 
the  belief  being  that  the  stronger  acid,  under  the  conditions  of 
the  experiment,  would  itself  act  as  an  oxidizer. 

Experiment  j. — Pyrite  0.0016  gram.  •  Three  hours  at  195'  C. 
Solution  only  partial.  Consumption  of  permanganate  equivalent 
to  0.00117  gram  ferrous  oxide. 

Experiment  4, — Pyrite  0.0032  gram.  Twelve  hours  at  220'  C. 
Solution  perfect.  Odor  of  sulphur  dioxide  apparent  on  opening 
tube.  Consumption  of  permanganate  equivalent  to  0.01742 
gram  ferrous  oxide. 

Experiment ^, — Sulphur  0.0021  gram.  Three  hours  at  195" C, 
and,  as  the  sulphur  had  not  disappeared,  further  six  hours  at 
250**  C.  Entire  disappearance  of  the  sulphur.  Consumption  of 
permanganate  equivalent  to  0.01320  gram  ferrous  oxide. 

Experiment  6. — Sulphur  0.0039  gram.  Twelve  hours  at  220* C. 
Entire  disappearance  of  the  sulphur  and  strong  odor  of  sulphur 
dioxide  on  the  opening  tube.  Consumption  of  permanganate 
equivalent  to  0.03619  gram  ferrous  oxide. 

In  experiments  4,  5,  and  6,  where  decomposition  was  complete 
the  consumption  of  permanganate  is  considerably  less  than 
theory  requires,  but  this  is  explained  by  the  escape  of  not  a  little 
sulphur  dioxide  on  opening  the  tube.  Had  a  ferric  salt  been 
present  the  consumption  of  permanganate  would  undoubtedly 
have  reached  that  required  by  theory. 

It  might  be  supposed  from  the  foregoing  that  a  similar  error 
would  affect  ferrous  iron  determinations  by  the  hydrofluoric 
acid  method.  However,  experiment  has  shown  that  with  the 
amounts  of  sulphide  usually  found  in  igneous  rocks  their  effect 
is  negligible,  though  by  increasing  the  amount  of  sulphide  the 
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effect  becomes  more  and  more  apparent  because  of  the  greater 
surface  of  pyrite  exposed  to  the  action  of  the  ferric  iron  of  the 
rock. 

Under  the  conditions  of  the  Mitscherlich  method,  on  the  other 
hand, — a  temperature  of  i5o**-20o°  C,  and  even  higher,  high 
pressure,  much  longer  time  of  action,  and  impossibility  of  escape 
of  any  hydrogen  sulphide  that  may  be  formed, — the  sulphur  of 
the  sulphides  becomes  nearly,  if  not  quite,  fully  oxidized  to  sul- 
phuric acid,  at  the  expense  of  the  ferric  oxide  in  the  rock,  with 
the  production  of  an  equivalent  amount  of  ferrous  oxide  in  addi- 
tion to  that  resulting  from  the  iron  of  the  sulphide  itself. 

In  order  to  obtain  quantitative  data  regarding  the  effect  of 
pyrite  on  the  ferrous  iron  estimation  by  the  hydrofluoric  acid 
method,  tne  following  tests  were  recently  made  by  one  of  us. 

Part  of  a  fine  crystal  of  pyrite  was  rather  finely  powdered  and 
boiled  out  with  dilute  sulphuric  acid,  which  extracted  consider- 
able ferrous  iron,  derived  presumably  from  admixed  or  inter- 
grown  pyrrhotite,  or  from  superficial  oxidation  of  the  powder, 
since  a  second  boiling  with  fresh  acid  afforded  a  negative  test  for 
ferrous  iron.  After  washing  by  decantation  with  water,  followed 
by  alcohol  and  ether,  the  powder  was  dried  and  further  pulver- 
ized. A  quarter  of  a  gram  of  it,  when  treated  with  dilute  sul- 
phuric and  hydrofluoric  acids  in  a  large  crucible  by  the  Cooke 
method  for  ferrous  iron,  then  rapidly  filtered  through  a  very 
large  perforated  platinum  cone  fitted  with  filter-paper,  required 
but  two  drops  of  a  permanganate  solution  representing  only 
0.0032  gram  ferrous  oxide  to  the  cubic  centimeter. 

That  the  error  obtaining  under  the  conditions  prevailing  in 
rock  analysis  might  be  ascertained,  successive  portions  of  one 
gram  each  of  a  hornblende  schist  free  from  sulphur  and  carrying 
10.09  per  cent,  ferrous  oxide  as  the  mean  of  several  determina- 
tions and  4  per  cent,  ferric  oxide,  were  mixed  in  a  60  cc. 
platinum  crucible  with  0.02,  0.025,  and  o.io  gram,  respectively, 
of  the  above  purified  pyrite  powder.  This  mixture  was  then 
treated  with  hydrofluoric  and  sulphuric  acids  as  above,  the 
water- bath  being  at  boiling  heat  for  one  hour.  The  cooled  con- 
tents of  the  crucible  were  poured  into  a  platinum  dish  containing 
water  and  titrated  rapidly  nearly  to  an  end.  Then,  in  order  to 
get  rid  of  the  pyrite,  which  would  obscure  the  end-reaction  by 


630  C.  F.  CROSS,  E.  J.  BEVAN,  AND  J.  S.  REMINGTON. 

its  reducing  effect  upon  the  permanganate,  the  solution  was  fil- 
tered as  above  and  in  the  clear  filtrate  the  titration  was  carried 
to  completion.  The  results  were  10.02,  10.16,  and  10.70  per 
cent,  ferrous  oxide.  Inasmuch  as  the  smallest  of  these  three 
charges  of  p3'rite  was  several  times  greater  than  what  may  be 
considered  an  unusually  high  amount  for  an  igneous  rock,  it  is 
very  evident  that  for  all  practical  purposes  the  influence  of  pyxite 
on  the  ferrous  iron  estimation  by  the  Cooke  method  is  negligible. 
At  the  same  time,  it  is  to  be  borne  in  mind  that  with  increased 
content,  either  of  ferric  iron  or  of  pyrite,  an  increased  amount  of 
pyrite  will  be  attacked  and  that  the  extent  of  this  attack  is  un- 
doubtedly influenced  by  the  degree  of  fineness  of  the  pyrite 
powder. 

All  users  of  the  method  have  noticed  the  rapid  disappearance 
in  hydrofiuoric  solutions,  when  titrating  ferrous  iron,  of  the 
pink  color  produced  by  an  excess  of  permanganate.  If  much 
ferrous  iron  be  present,  many  cubic  centimeters  of  permanganate 
can  be  added  without  causing  more  than  a  transitory  pink  color- 
ation. The  solution  takes  on,  however,  in  ever- increasing  in- 
tensity, the  red-brown  color  characteristic  of  manganic  salts.  It 
seems  that  manganous  fluoride  in  acid  solution  is  very  suscep- 
tible to  oxidation  by  permanganate,  for  the  above-mentioned 
changes  take  place  when  permanganate  is  added  to  sulphuric 
and  hydrofluoric  acids  containing  some  manganous  sulphate. 

Washington,  July,  1900. 


ON  THE  DIGESTION  AND  ASSIHILATION  OF  PENTOSES 

AND  FURFUR0ID5. 

By  C.  p.  Cross,  E.  J>  Bbvan,  and  J.  S.Rbmington. 

Received  July  16,  1900. 

THE  furfural-yielding  constituents  of  plant  tissues  continue 
to  be  designated  bythe  majority  of  observers  as  pentosans. 
It  is  probable,  however,  that  the  group  of  natural  products  thos 
constituted  are  of  more  varied  characteristics. 

It  must  be  noted  first  that  we  have  no  specialized  form  of 
pentosane  comparable  with  starch  and  that  the  substances 
described  as  such  are  products  isolated  by  chemical  processes  in 
the  laboratory  and  devoid  of  the  well-marked  individuality  and 
properties  of  the  hexose-anhydride.     We  are  not  aware  of  any 
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evidence  upon  which  the  individuality  of  the  best  known 
of  the  reputed  pentosanes,  viz,,  **Holzgummi,"  has  been 
finally  established/  Generally  this  group  of  substances  is 
investigated  in  terms  of  furfural,  obtained  by  boiling  with  con- 
densing acids ;  and  the  relation  of  this  aldehyde  to  the  pentoses 
is  indirect  and  of  course  not  exclusive.  Several  of  the  now  well- 
known  oxidized  derivatives  of  the  hexose-carbohydrates  are 
similarly  condensed  to  furfural ;  of  these  we  can  call  to  mind : 
{a)  Glycuronic  acid ;  {b)  the  osones  or  ketoaldoses  obtained  by 
Fischer  from  the  osazones  and  more  recently  and  directly  by 
ourselves  by  the  action  of  hydrogen  peroxide  on  the  hexoses  ;*  {c) 
a  number  of  imperfectly  defined  products  of  oxidation  of  the 
hexoses  and  their  polyanhydrides  obtained  both  by  laboratory 
and  natural  processes.' 

Lastly  it  must  be  noted  that  investigation  has  failed  to  identify 
the  pentoses  as  such  occurring  in  the  plant  and  the  conclusion 
generally  accepted  at  this  date  with  regard  to  their  formation  is 
that  they  are  not  direct  products  of  the  assimilation  process  but 
originate  from  hexoses-  by  processes  of  oxidation  or  internal 
change.* 

Complementary  confirmation  of  the  exceptional  physiological 
relationships  of  the  pentoses  is  also  supplied  by  the  facts  (i) 
that  they  are  entirely  resistant  to  alcoholic  fermentation  (yeast) 
and  (2)  are  not  assimilated  by  animal  digestion. 

From  this  brief  r6sum6  of  the  present  state  of  our  knowledge 
we  draw  the  following  conclusions:  {a)  That  the  group  of  fur- 
fural-yielding constituents  of  plants  may  comprise  in  addition  to 
petosans,  oxy-hexoses  (respectively  anhydride)  representing  in- 
termediate terms  of  a  complex  hexosan-pentosan  series ;  and  in 
view  of  this  probability  we  prefer  as  a  group  designation  the 
term  furfuroid,  and  {b)  that  such  oxyhexoses  may  yield  to  yeast 
fermentation  and  to  animal  assimilation. 

Since  these  furfuroids  are  constituents  of  cellular  tissues  the 
question  of  alcoholic  fermentation  can  only  be  studied  by  way  of 
the  products  of  acid  hydrolysis.  In  so  far.  as  these  products  are 
pentoses    they    resist     fermentation.     This    has    been    finally 

I  "Kohlcnhydratc,"  II,  p.  aoa,  ToHcns. 

«  J.  Chem.  Soc,  73,  463  (1898);  Morrell  Crafts  :  Ibid.,  75.  786  (1899). 

*  Ber,  d.  chem.  Ces.,  97,  1061 :  Kriisrer  and  Tollens :  Ztschr.  angew.  Chem.,  1896,  Heft  a. 

*  "  Kohlenhydrate,"  II.  p.  60. 
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established  by  the  very  careful  investigation  of  Tollens  ;*  at  the 
same  time  we  and  other  observers  have  studied  cases  of  yeast 
fermentation  in  which  there  has  been  a  considerable  dis- 
appearance of  the  furfuroids  from  solutions  in  which  they  exist 
in  a  more  or  less  fully  hydrolyzed  form. 

In  his  investigation  of  this  result  Tollens  arrives  at  the  con- 
clusion that  the  disappearance  of  the  furfuroids  is  accompanied 
by  the  appearance  of  acid  products  ;  also  that  this  effect  is  not 
inconsistent  with  the  view  that  the  products  reacting  in  this  way 
are  pentoses.'  Still  the  question  is  by  no  means  finally 
elucidated  and  the  incompleteness  of  the  present  solutions  of  the 
problem  involved  should  be  recognized. 

In  regard  to  the  problem  of  animal  digestion  and  assimilation 
we  have  to  notice  the  results  of  investigation  from  two  points  of 
view.  The  pentoses  proper  have  been  investigated  by  Ebstein* 
who  found  that  xylose  is  not  assimilated,  being  voided  in 
unchanged  form  in  the  urine  and  Salkowski^  whose  observations 
on  arabinose  led  to  the  following  conclusions  :  "  Von  dem  jeden 
Thiere  eingegebenen  10  g.  Arabinose  wurde  etwa  1/5  unveran- 
dert  durch  den  Harn  ausgeschieden  :  d$LS  Blut  enthalt  wenig, 
die  Muskeln  reichlich  Arabinose.  In  der  Leber  fand  sich 
gewohnliches  Glykogen  und  nicht,  wie  gehofft  ein  Pentosan. 
Die  Resorption  der  Arabinose  erfolgt  schnell  u.  voUstandig.'** 

On  the  other  hand  the  furfuroids  of  fodder  plants  have  been 
investigated  by  a  number  of  observers  who  have  variously 
estimated  the  proportion  digested  at  from  40-90  per  cent. 
These  numbers  represent  for  the  most  part  the  percentage  ratio 
of  the  furfuroids  disappearing  in  the  digestive  process,  but  they 
do  not  attempt  to  deal  with  the  further  question  of  assimilation. 
This  more  elaborate  problem  has  recently  been  solved  in  a  typical 
case  by  O.  Kellner  and  A.  Kohler.*  Oxen  were  fed  upon  a  rye 
straw  which  had  been  previously  extracted  by  boiling  with 
alkaline  lye — the  product  containing : 
78.6  per  cent.  Rohfaserwith 
3 1. 1  percent.  Furfurol  gebende  substanz. 

>  stone  aud  Tollens  :Ann.  Chem.  (I^ebig),  349,  257  ;  ToUens  :  /.  Fed.  Inst.  Bmeing. 

1898,  451- 

«  Tollena  :  Ibid. 

*  Archiv.  Puthol.  Anat.,  139,  401. 

*  Central  bl.  Med.  IViss.,  1893,  No.  11. 
»  Ber.  d.  chem.  Ges.,  1893,  896. 

*  I«andw.  Vers.  Stat,  1900,  53.  i,  474. 
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This  product  was  added  to  the  **  Grundf utter"  specially 
desig^ned  **zur  Deckung  des  Mindestbedarfes  des  Thiers*'. 
The  following  results  were  obtained  :  Of  the  total  product  95.8 
per  cent,  was  digested,  and  of  the  total  available  energy,  63.1 
per  cent,  contributed  to  the  formation  of  flesh  and  fat.  The 
**  furfuralgebende  Substanz"  contributed  its  proportion  to  the 
result  and  generally  the  cellulosic  substance  thus  prepared  has 
approximately  the  same  feeding  charlacteristics  and  value  as 
starch. 

But  we  find  no  records  of  investigations  in  which  the  fur- 
furoids  have  been  previously  isolated  by  processes  of  acid 
hydrolysis.  In  absence  of  such  results  the  proportions 
determined  above  are  open  to  the  objection  that  they  are  compli- 
cated by  the  unknown  factor  of  digestive  hydrolysis.  To  further 
elucidate  the  problem,  therefore,  we  have  carried  out  feeding 
experiments  with  the  complex  of  products  obtained  from 
brewers*  grains  by  digestion  with  dilute  sulphuric  acid  ( i  per 
cent.  HjSOJ  in  an  autoclave  at  a  temperature  of  130**.  Under 
these  conditions  the  furfuroids  are  selectively  attacked  and  con- 
stitute 80-90  per  cent,  of  the  total  soluble  extract.  The 
products  in  this  form  we  have  previously  investigated  and  have 
found  to  be  fully  hydrolyzed  from  the  numbers  for  cupric 
reduction;  viz,,  1 10-120  (dextrose  =  100)  and  yields  of 
osazones.^ 

The  acid  extract  is  neutralized  (CaCO,),  filtered  and 
evaporated.  On  distillation  with  hydrochloric  acid  of  1.06 
sp.  gr.,  the  extract  yielded  39.5  per  cent,  furfural  calculated  to 
the  total  dry  weight.  To  convert  the  product  into  a  form  in 
which  it  could  be  easily  administered  to  the  animal  (rabbit)  as 
a  foodstuff,  it  was  mixed  with  a  strong  solution  of  gelatin  at 
20'  C.  and  then  with  suflScient  bread  to  give,  when  cold,  a  solid 
granular  product.  With  this  artificial  food  was  associated  a 
due  proportion  of  fresh  vegetable  food  ;  viz,,  carrot  and  cabbage. 
The  experiments  were  conducted  with  the  usual  precautions,  in 
parallel  series,  one  animal  receiving  the  diet  as  above,  a  second 
receiving  this  same  diet  less  the  artificial  furfuroid  constituent. 
The  details  of  the  experiment  are  published  elsewhere  and  need 
not  be  reproduced  here.* 

1  J.  Chem.  Sof..^  1897,  looi-ioio. 

«  y.  Soc.  Oum.  Jnd.,  1900,  April  30. 
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The  results  obtained  established  the  following  high  proportion 
(per  cent. )  of  digestion  and  assimilation  of  the  total  furfuroids 
of  the  mixed  diet 

96.4  98.4  97.3  96.4  94.5 

which  are  certainly  minimum  numbers  for  the  special  group  of 
furfuroids  under  investigation.  No  pentoses  or  other  furfural- 
yielding  products  were  present  in  the  urine,  which  was  examined 
from  time  to  time. 

It  may  be  concluded   from  these  results  that  the  typical  fur- 

'  furoids  of  cereal  tissues  when  fully  hydrolyzed  are  digested  and 

assimilated    by  the  herbivera    as  completely  as  starch  and  its 

products  of  hydrolysis.     In  this  respect   they  differ  from  the 

pentoses  and  their  anhydrides. 

In  view  of  these  results  and  the  exceptional  physiological 
history  of  this  group  of  constituents  of  plant  tissues,  which 
is  by  no  means  fully  elucidated,  we  consider  the  term  **furfural 
gebende  substance,"  or  more  shortly  **  furfuroid  **  is  to  be  pre- 
ferred as  a  general  designation,  reserving  the  term  pentosan  for 
its  strict  use  ;  /.  e,,  as  applied  to  a  pentose-anhydride 
(H.C,H,oO-MH,0). 

4  Kew  Court,  London,  and  Lancaster, 
England,  May  10,  1900. 


ESTIMATION  OF  PYRRHOTITE  IN  PYRITES  ORE. 

By  p.  B.  Carpbntbr. 
Received  Aupiit  ij,  igoo. 

SINCE  the  introduction  of  pyrites  into  the  manufacture  of 
sulphuric  acid,  industrial  laboratories  have  been  frequently 
called  upon  to  make  analyses  of  pyrites  ores  to  determine  their 
quality  for  manufacturing  purposes.  In  order  to  determine  the 
relative  value  of  these  ores  it  is  not  only  necessary  to  determine 
their  sulphur  content,  but  it  is  also  essential  that  an  estimation 
be  made  of  those  sulphides,  which  are  difficult  to  decompose  in 
the  furnace.  Fairly  satisfactory  methods  have  been  described 
for  the  determination  of  zinc,  arsenic,  copper,  etc.,  but  I  have 
heretofore  seen  published  no  satisfactory  methods  for  the  esti- 
mation of  pyrrhotite.  It  is  well  known  by  acid  makers  that  itis 
difficult  to  get  the  sulphur  from  this  material,  especially  in  lump 
burners,  and  as  it  is  contained  in  nearly  all  our.  domestic  ores  to 
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a  greater  or  less  extent,  the  importance  of  its  presence  should 
not  be  overlooked. 

The  usual  method  for  the  determination  of  pyrrhotite  in 
pyrites  is  based  on  its  magnetic  properties,  and  briefly  stated,  is 
carried  out  as  follows :  About  25  grams  of  the  material,  ground 
to  pass  a  60-mesh  sieve,  is  spread  out  on  a  piece  of  glazed  paper, 
and  a  magnet  of  the  horseshoe  type  is  passed  backward  and 
forward  through  small  portions  at  a  time.  As  soon  as  the 
poles  of  the  magnet  are  loaded  with  attracted  material  the 
bridge  between  them  is  broken  down  with  the  armature,  so 
that  as  much  of  the  mechanically  retained  pyrites  as  possible 
may  be  dislodged ;  then  after  striking  the  magnet  several  times 
sharply  with  the  bare  hand  to  further  free  the  magnetic  portion 
from  the  pyrites,  the  adhering  substance  is  transferred  to  a  clean 
sheet  of  paper  ;  then  another  portion  of  the  ore  is  treated  like  the 
first,  cleansing  and  transferring  the  attracted  part  in  the  same 
way,  and  this  continued  until  the  whole  amount  has  yielded  all 
magnetic  matter.  The  portion  removed  to  the  second  paper 
is  still  far  from  pure,  and  the  cleansing  operation  is  repeated  for  a 
second  and  third  time  in  the  same  manner  as  the  first,  except 
that  the  magnet  is  held  at  a  sufficient  distance  to  lift  the  material 
and  not  rub  among  the  particles.  The  magnetic  material  thus 
obtained  is  weighed  and  sulphur  determined  in  one-half  to  one 
gram.  The  percentage  of  sulphur  existing  as  pyrrhotite  is  then 
calculated  from  the  results  by  multiplying  the  percentage  of 
magnetic  material  found  in  the  ore  by  the  amount  of  sulphur 
found  in  i  gram  of  the  same.  The  difficulties  in  working  this 
method  are  no  doubt  apparent  to  all  who  have  used  it. 
Pyrrhotite  is  only  slightly  magnetic  and  is  very  difficult  to 
separate  from  the  non-magnetic  ore.  After  following  out  the 
method  just  described  with  the  greatest  care  it  is  impossible  to 
remove  all  the  pyrrhotite  or  to  have  the  magnetic  material  free 
from  pyrites.  We  have  slightly  improved  the  method  in  this 
laboratory  by  substituting  the  electromagnet  for  the  ordinary 
style,  but  the  results  are  still  far  from  satisfactory. 

The  method  which  I  am  about  to  describe  was  worked  out  in 
this  laboratory,  and  is  based  on  the  solubility  of  the  two  sul- 
phides (FeS,  and  Fe^Sg)  in  hydrochloric  acid,  FeS,  having  been 
found  to  be  practically  insoluble  while  Fe^Sg  seems  to  be  wholly 
decomposed. 
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Details  of  the  Process, — Determine  total  sulphur  and  silica  by 
the  usual  methods;  also  copper,  zinc,  etc.,  if  they  are  present  in 
appreciable  amounts.  Test  for  pyrrhotite  with  magnet,  and  if 
present  proceed  as  follows  : 

Treat  2  grams  of  the  sample  (ground  to  pass  a  100- mesh  sieve)  in 
anS-oz.  beaker,  covered  with  a  watch-glass,  with  30  cc.  concentra- 
ted h3*drochloric  acid,  boil  ten  minutes,  filter  on  a  weighed  Gooch 
crucible,  wash  successively  with  warm  dilute  hydrochloric  acid, 
hot  water,  alcohol,  and  finally  several  times  with  small  portions 
of  carbon  disulphide.  Dry  at  100**  and  weigh.  Weight  of 
residue  =  FeS,  +  SiO,.  (FeS,  +  SiO,)  —  SiO,  =  FeS,.  The 
sulphur  required  to  satisfy  the  iron  in  the  resulting  FeS,  is  sub- 
tracted from  the  total  sulphur,  and  the  remaining  sulphur  cal- 
culated to  Fe^Sg  (pyrrhotite) .  The  details  of  the  calculations  are 
as  follows:  FeS,  X  0.534  =  sulphur  in  FeS,;  subtract  this  from 
the  total  sulphur  and  multiply  the  result  by  factor  2.529  ;  this 
gives  the  percentage  Fe,Sg  present  in  the  ore.  These  calculations 
apply  to  ores  containing  only  traces  of  other  metals  besides  iron. 
If  other  metals  are  present  in  appreciable  amounts  due 
allowance  will  have  to  be  made.  Zinc  sulphide  will  be  prac- 
tically all  decomposed  by  the  hydrochloric  acid ;  the  percentage 
of  zinc  found,  will  therefore  have  to  be  satisfied  with  the  required 
amount  of  sulphur,  and  the  sulphur  thus  used  deducted  from  the 
total  sulphur  before  other  calculations  are  made.  Chalcopyrite, 
on  the  other  hand,  is  only  partly  decomposed  by  the  treatment 
with  hydrochloric  acid.  Thus  for  the  accurate  estimation  of 
pyrrhotite  it  will  be  necessary  to  make  copper  determinations 
both  in  the  residue  and  filtrate,  and  calculate  the  results  to 
chalcopyrite,  subtract  the  amount  of  chalcopyrite  found  in  the 
residue  from  the  total  residue,  and  the  amount  of  sulphur 
required  to  satisfy  the  percentage  of  copper  in  the  filtrate  from 
the  total  sulphur  before  making  the  calculations.  If  only  a 
small  percentage  of  copper  is  present  with  no  other  metals, 
approximate  results  may  be  obtained  by  using  dilute  acid 
( I  to  I )  for  treating  the  ore.  The  amount  of  copper  dissolved 
out  by  this  treatment  will  be  so  small  that  it  may  be  overlooked 
in  the  determination.  The  whole  percentage  of  copper  in  the 
ore  is  in  this  case  calculated  to  CuFeS,,  and  deducted  from  the 
total  residue.     Copper    may    be   determined  very  quickly  and 
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accurately  by  the  cyanide  process  as  described  by  Ricketts  and 
Miller.  If  other  disturbing  factors  are  present  the  method  will 
have  to  be  modified  accordingly,  but  the  method  as  described 
gives  results  sufficiently  accurate  for  all  practical  purposes  on 
the  great  majority  of  commercial  pyrites  ores.  This  process  is 
simple,  reasonably  quick,  and  gives  much  more  satisfactory 
results  than  the  other  methods  we  have  tried. 

Mr.  S.  H.  Sheib  who  is  connected  with  this  laboratory  has 
rendered  valuable  assistance  in  perfecting  this  method  of 
pyrrhotite  determination,  and  its  success  is  largely  due  to  his 
careful  work. 

Laboratory  Virginia-Carolina  Chemical  Co., 

August  I,  1900. 
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niLK.* 

By  Joseph  P.  Gbislbr. 
ReceiTed  August  8,  tgoo. 

CONDENSED  milk,  as  its  name  indicates,  is  a  more  or  less 
concentrated  milk,  prepared  by  evaporating  or  distilling 
off  a  large  percentage  of  the  water  of  the  milk.  The  concentra- 
tion is  usually  carried  to  a  degree  to  meet  popular  taste  and 
trade  requirements,  unless  the  law  establishes  a  specified  degree 
of  condensation.  Broadly,  this  class  of  milk  may  be  divided  into 
the  sweetened  and  unsweetened  condensed  milk,  the  former  con- 
taining a  large  per  cent,  of  cane-sugar  as  sweetener  and  preserv- 
ative. Aside  from  its  general  good  qualities,  the  extreme  pre- 
caution of  cleanliness  in  the  preparation  of  most  of  the  condensed 
milks  has  added  much  to  their  popularity,  so  that  the  sale  and 
consumption  of  these  milks  is  assuming  vast  and  rapidly  increas- 
ing proportions.  As  an  article  of  food  it  is  therefore  more  fre- 
quently being  made  the  subject  of  analytical  inquiry  to  deter- 
mine its  quality  and  freedom  from  adulteration. 

While  certain  manufacturers  pride  themselves  in  turning  out 
a  product  of  uniform  color,  consistency,  and  superior  keeping 
qualities  and  purity,  others  have  deliberately  put  adulterated 
goods  on  the  market  and  were  prosecuted  and  fined  for  the  same. 

The  analysis  of  ordinary  milk  presents  no  particular  difficulties 

1  Read  at  the  Twenty-first  General  Meeting  of  the  American  Chemical  Society,  June, 
1900. 
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to  the  experienced  analyst,  but  there  is  an  abundant  and  cumu- 
lative evidence  to  show  that  the  correct  analysis  of  sweetened 
condensed  milk  is  difficult  and  has  proved  to  be  a  stumbling 
block  to  the  efforts  of  many  chemists. 

Thus,  quite  recently,  an  article  **  A  Method  of  Analysis  for 
Canned  Condensed  Milk,*'*  by  F.  S.  Hyde,  appeared  as  a 
**  Contribution  from  the  Havemeyer  Laboratories  of  Columbia 
University,  No.  6,'*  and  this  article  has  obtained  wide  circu- 
lation. 

The  results  of  the  analyses  of  the  first  17  samples  reported  are 
so  utterly  out  of  harmony  with  the  composition  of  commercial 
condensed  milk  that  experienced  analysts  have  only  to  refer  to 
the  method  whereby  the  results  were  obtained  to  learn  the  cause 
of  the  faulty  statements.  It  is  the  general  experience  thai  the 
easiest  part  of  analytical  work  is  the  writing  out  of  a  method. 
Without  going  into  the  details  of  the  article  referred  to,  I  would 
quote'^  the  following,  which  has  a  decided  bearing  in  the  appli- 
cation of  the  food  laws : 

A  law  of  New  York  State  requires  that  no  *•  condensed  milk 
shall  be  made, — unless  the  proportion  of  milk  solids  shall  be  in 
quantity  the  equivalent  of  twelve  per  centum  of  milk  solids  in 
crude  milk  and  of  which  solids  twenty-five  per  centum  shall  be 
fats.*'     Sec.  25,  Chap.  143,  L.  1894. 

**  Generally  the  amount  of  fat  in  condensed  milk  is  less  than 
ten  per  cent,  of  the  whole,  or  less  than  twenty-five  per  cent,  of 
the  forty  per  cent,  (more  or  less)  milk  solids  of  which  the  fat  is 
a  part. 

**  The  original  cow's  milk  used  may  be  considerably  above  the 
legal  standard  and  yet  the  degree  of  condensation  be  insuflScient 
to  bring  the  manufactured  article  within  the  requirements  of  the 
law.  Under  such  conditions  the  manufacturer  might  be  liable 
to  prosecution,  although  the  product  might  be  perfectly  whol^ 
some.*' 

In  the  writer's  experience  it  is  the  rare  exception  rather  than 
the  rule  for  condensed  milks  to  contain  less  than  a  proportion  of 
25  per  cent,  of  fat  in  the  milk  solids. 

If,  as  stated,  milk  above  the  standard  required  by  law  be  used 

1  This  Journal,  ax,  439  (1899). 
2/*«Vf.,  ax,  444(1899)- 
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for  the  condensation,  there  could  be  no  legal  prosecution  of  a 
manufacturer  since  the  concentration  would  not  materially  alter 
the  ratio  of  fat  to  milk  solids,  and  the  section  of  law  quoted  does 
not  define  the  degree  of  concentration.  Therefore,  whether  con- 
densed little  or  much,  the  **  condensed'*  product  would  not  be 
an  infraction  of  the  law  quoted,  and  prosecution  under  the  same 
is  out  of  the  question. 

Aside  from  insufficient  condensation,  it  is  generally  assumed 
that  skimming  or  the  removal  of  butter-fat  is  the  principal 
temptation  to  defraud  on  the  part  of  the  mg^nufacturer.  To 
prove  skimming,  the  first  essential  is  the  accurate  estimation  of 
the  fat,  assuming  the  per  cent,  of  fat  obtained  to  be  butter- 
fat.  That  is  to  say,  the  mere  finding  of  the  required  percent,  of 
fat,  and  ratio  of  fat  to  milk  solids  would  not  prove  such  milk 
unadulterated  unless  the  fat  found  was  actually  butter-fat. 

Attempts  have  been  made  to  remove  the  butter-fat  and  substi- 
tute other  fat  for  the  same  in  condensed  milk ;  hence,  the 
allusion  to  butter-fat  particularly. 

In  the  unsweetened  condensed  milk  the  estimation  of  the  fat 
presents  no  particular  difficulty,  especially  since  the  introduc- 
tion of  the  Adams*  coil  method,*  when  the  necessary  precau- 
tions are  taken.  The  large  surface  over  which  the  milk  solids 
are  spread  in  the  paper,  a  minimum  of  no  sq.  in.,  offers  a 
medium  from  which  solvents  ordinarily  rapidly  extract'  the  fat. 

The  coil  method  has  found  general  favor  among  analysts  and 
were  it  not  for  the  inconvenience  of  preparing  **  fat- free**  coils  it 
would  h^  par  excellence^  and  with  certain  modifications,  the  best 
method  for  the  purpose.  The  preparation  of  the  coils  is  tedious, 
but  where  accuracy  is  required  the  previous  extracting  of  the 
coils  to  be  used  must  be  resorted  to,  as  the  quality  of  paper  varies, 
some  lots  containing  considerably  more  extractable  matter  than 
others. 

Chemists  were  quick  to  avail  themselves  of  the  advantages  of 
the  coil  method  and  use  it  in  the  estimation  of  fat  in  sweetened 
condensed  milk,  for  the  large  surface  offered  advantages  to  over- 
come the  difficulties  experienced  and  pointed  out  by  Hehner,' 

>  Analysis  March,  1885. 

<  S«e  Vleth  :  Analyst,  16, 127 ;  Geisler  :  **  The  Relative  Merita  of  the  ^anklyn  and  the 
Adama  Methoda  in  the  Eatimation  of  Pat  in  Milk  Analyaia,"  this  Journal,  xa,  488-500. 
^Analyst,  A,  AS  U^79)- 
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who  Stated  '  *  that  it  is  quite  impossible  to  extract  the  fat  from 
the  total  solids  by  means  of  ether,  or  benzoline,  the  large  amount 
of  cane-sugar  effectually  protecting  the  fat." 

Adams'  method  was  not  available  until  some  years  later.  In 
the  light  of  recent  published  analyses  of  sweetened  condensed 
milk,  Hehner  was  a  * 'martyr"  considering  the  abuse  heaped  on 
him  by  the  manufacturers  for  the  analyses,  for  it  will  presently 
be  showa  that  even  the  extreme  advantages  of  the  anl  meikoi, 
unless  certain  precautions  are  taken,  has  its  pitfalls.  In  the 
application  of  the  coil  method  it  is  customary  among  a  large 
number  of  chemists  to  proceed  as  follows  :  Thus  Cornwall'  and 
Wallace'  state  in  following  out  the  method  : 

**Rather  thick,  white  filter-paper  was  thoroughly  extracted  with 
ether  in  a  Soxhlet  apparatus  and  5  cc.  of  the  diluted  milk  (eqnal 
to  2  grams  of  the  condensed  milk )  dropped  on  a  nearly  sqaaie 
strip  of  this  paper'  large  enough  to  conveniently  soak  up  the 
milk.  To  avoid  the  formation  of  candied  spots  the  milk  was 
uniformly  spread  over  the  paper  by  brushing  with  a  small  nar- 
row strip  of  the  same  kind  of  paper.  After  drying  in  the  air  the 
paper  was  rolled  into  a  loose  cylinder  and  dried  in  the  air-bath 
at  100^  C.  for  about  an  hour  and  a  half. 

**The  fat  was  then  extracted  with  ether,  for  two  hours,  in  a 
Soxhlet  apparatus,  and  a  second  extraction  ^as  made,  lasting 
for  an  hour  to  an  hour  and  a  half  longer.  The  second  extrac- 
tion usually  yielded  less  than  4  milligrams  more  of  fat,  and  often 
none  at  all.  The  fat  determination  was  made  in  duplicate.  The 
greatest  difference  was  0.2  per  cent.,  usually  only  a  hundredth 
of  a  per  cent.  *  * 

In  brief,  the  Adams*  method,  as  applied  to  sweetened  con- 
densed milk,  consists  in  transferring  about  2  grams  of  milk  dilu- 
ted to  5  or  6  cc,  to  a  paper  coil  of  50-60  sq.  in.  (100--120 sq.  in. 
of  surface,  both  sides),  and  extracting  the  fat  by  means  of  ether 
or  petroleum  ether. 

The  quantity  of  milk  taken  for  the  extraction  is  not  a  matter 

1  Cornwall :  Rep.  Dairy  Com..  N.  Y.  State,  1890,  p.  408 ;   N.  J.,  1887. 

*  Wallace :  Rep.  Dairy  Com.,  N.  J.,  1899,  pp.  43-47. 

3  Cornwall :  Rep.  Dairy  Com.,  N.  J.,  1891.  p.  90 ;  filter-paper  of  medium  thickness 
10X5  inches.  Wiley:  Rep.  Dairy  Com.,  N  J.,  1891;  thick  filter-paper  strips  2(X^ 
inches. 
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of  indifference,  nor  is  the  solvent,  or  the  method  of  extraction. 
Unless  the  ether  is  dry  and  free  from  alcohol,  the  coils  get  too 
soggy  to  permit  the  full  extraction  of  the  fat.  Even  with  dry 
ether  or  petroleum  ether,  losses  may  occur  even  as  high  as  0.5  per 
cent,  as  against  an  occasional  maximum  of  about  i  per  cent,  in  a 
direct  extraction'.  Evidence  of  this  may  be  obtained  by  treating 
the  thoroughly  exhausted  coil  after  drying,  to  a  thorough  soak- 
ing in  water  until  all  soluble  matter  is  removed,  drying  the 
coil,  and  again  exhausting  with  ether  or  petroleum  ether,  when 
additional  fat  will  be  found  in  the  majority  of  cases. 

Direct  exhaustion  by  ether  for  four  hours  leaves  variable  per- 
centages of  fat  in  the  residuum  on  the  coils.  This  is  true  of  other 
solvents  as  well.  If  2  grams  of  the  condensed  milk  are  used  per 
coil,  the  coil,  after  the  first  exhaustion,  which  presumably  should 
yield  all  the  fat,  should  be  dried  and  exhausted  with  water,  again 
dried  and  exhausted  with  the  volatile  solvent.  Forty-nine  sepa- 
rate examinations  showed  differences  for  the  second  exhaustion 
of  0.27  to  1.2  per  cent,  of  which  nine  ranged  from  0.27  to  0.49 
per  cent.  ;  twenty-three  from  0.50  to  0.75  percent.  ;  and  the 
remainder  from  0.75  to  1.2  per  cent.  That  is  to  say,  if  the  pre- 
caution of  exhausting  the  coils  with  water  had  not  been  taken, 
the  fat  in  the  milks  would  have  been  underestimated  from  0.27 
to  1.2  per  cent,  in  actual  per  cent,  of  fat  by  the  coil  method. 

The  large  variation  is  due  principally  to  the  varying  per  cent, 
of  cane-sugar  in  the  different  samples.  As  the  time  of  extraction 
for  these  varied  from  two  and  a  half  to  four  hours  for  the  first 
extraction,  a  separate  set  of  extractions  under  fixed  conditions 
was  made.  The  coils  (filter-paper  strips  22  X  2.5  inches,  were 
• '  alcohol-ether*  *  coils,  and  each  coil  again  exhausted  for  five  hours 
with  the  solvent  with  which  it  was  to  be  subsequently  treated. 
Simple  exhaustion  of  the  coils  by  ether  alone  does  not  remove 
all  the  extractable  matter  from  the  same.  The  extractive  matter 
obtained  for  the  eight  individual  coils  varied  from  i  milligtam  to 
a  maximum  of  2.5  milligrams.  The  latter  was  extracted  by  petro- 
leum ether  from  a  coil  not  previously  treated  with  this  solvent. 

The  eight  coils  were  therefore  free  from  extractable  matter. 

Two  were  taken  to  be  extracted  with  petroleum  ether,  and  two 

with  a  mixture  of  petroleum  ether  (15  percent.)  and  ethyl  ether. 

The  first  extraction  lasted  three  hours  and  the  second  two  hours. 

16-22 
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After  the  first  three  hours*  exhaustion,  the  coils  were  taken  out 
and  dried,  and  then  exhausted  with  water  until  all  soluble  mat- 
ter was  removed.  The  coils  were  again  dried  and  again  sub- 
jected to  their  respective  solvents  for  two  hours.  The  results 
obtained  were  as  follows : 

Petroleum  Ether. 

Amount  taken.  Pat. 

Grams.  Gram.  Percent 

2.0355  First  extraction o.  160  7.86 

Second      "         0.013  0.63 

8.49 

2.0815  First  extraction o.  158  7.59 

Second       *'         0.015  0.72 

•*  Ether-Petroleum"  Ether. 

Amount  taken.  Pat 

Grams.  Gram.  Per  cent 

2.0645  First  extraction 0.156  7.55 

Second       **         0.017  o-^ 

8.37 
2.035  First  extraction 0.1605  7.88 

Second       **         0.012  0.58 

8.46 
Results  by  taking  about  i  gram  of  milk  and  treating  as  above: 

1.0235  grams  taken  gave  0.0854  gram  fat  or  8.35  per  cent. 
1.084  grams  taken  gave  0.0917  gram  fat  or  8.46  per  cent. 

Direct  exhaustion  with  petroleum  ether  for  five  hours  for  the 
first  exhaustion,  and  two  hours  further  exhaustion  after  the 
water  treatment,  gave : 

Amount  taken.  Pat. 

Grams.  Gram.  Per  cent 

2.0395  First  extraction 0.159  7*795 

Second       "  0.0135  0-661 

8.456 

2.013  First  extraction 0.155  7.699 

Second      "         0.0155  0.769 

8.468 
The  actual  time  limit  will  not  in  all  cases  do  justice  to  extraction 
where  petroleum  ether  is  used  to  any  extent,  as  the  siphoniogs  are 

1  Water  slig^htly  milky,  indicatins^  loss  of  fat. 
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not  always  regular.  Anhydrous  ether,  /.  ^.,  water- washed  ether 
shaken  with  concentrated  glycerine  and  redistilled  after  separa- 
tion has  taken  place,  shows  differences  as  great  as  those.  The 
mixture  of  petroleum  ether  and  ethyl  ether  was  a  water- washed 
ethyl  ether  mixed  with  15  per  cent,  of  petroleum  ether  prepared 
by  thoroughly  shaking  and  mixing  the  mixed  ether  with  about  25 
per  cent,  of  concentrated  glycerine  and  redistilling  the  thor- 
oughly separated  ether  mixture.  Coils  treated  with  an  anhy- 
drous ether  are  usually  quite  crisp  when  taken  out  of  the  extrac- 
tion apparatus. 

Chemists  who  have  made  comparative  tests  have  no  doubt 
found  that  i  gram  of  the  condensed  milk  per  coil  will  usually 
yield  all  the  fat  to  within  0.2  to  0.3  per  cent,  on  four  or  five 
hours'  extraction  with  petroleum  ether,  or  dry  ethyl  ether,  or  a 
mixture  of  ethyl  and  petroleum  ether,  and  that  the  loss  rarely 
exceeds  0.2  per  cent. 

The  amount  of  milk*  used  per  coil  is  quite  a  variable  one 
among  chemists. 

The  method  of  taking  a  sample  and  transferring  it  to  the 
coil  may  be  minor  details  but  important  as  to  possible  variation 
in  results  by  the  coil  method.  While  the  quantity  of  original 
milk  will  be  noticed  to  vary  from  0.5  to  2  grams  per  coil,  it  must 
be  apparent  that  the  margin  of  safety  may  be  overstepped  in 
either  direction,  for  while  the  maximum  quantity  may  be  too 
large  for  complete  direct  extraction,  the  minimum  quantity  is 
too  small,  as  a  difference  of  i  milligram  in  fat  obtained  rep- 
resents at  once  0.2  per  cent.  For  the  general  run  of  fat  estima- 
tion, little  fault  will  be  found  with  results  obtained  by  exhaust- 
ing the  fat  from  i  gram  of  the  condensed  milk  from  a  fat-free 
coil  by  the  direct  exhaustion  for  four  to  five  hours  with  petro- 
leum ether,  or  ether-petroleum  ether. 

Accuracy  in  fat  estimation  to  within  0.2  per  cent,  in  sweetened 
condensed  milk  is  certainly  attainable  where  the  necessary  pre- 
cautions are  taken.  Where  2  grams  of  the  condensed  milk  are 
taken  the  results  cannot  be  depended  upon,  however,  as  repre- 

^  T.  H.  Pearman  and  C.  G.  Moor  {Analyst ^  ao,  268)  use  5  cc.  of  a  10  per  cent,  solution  ; 
A.  H.  AHen  ("Commercial  Organic  Analysis,"  Vol.  IV.,  and  ed.,  p.  235)  recommends  5 cc. 
of  a  10  per  cent,  solution  ;  J.  H.  Shenstoue  {Analyst,  13,  222)  uses  2  grams  ;  Wallace  (N. 
J.  state  Dairy  Com.  Rep.,  1899.  pp.  43-47)  uac«  a  grams;  Cornwall  (N.  J.  State  Dairy 
Com.  Rep.,  1887,  1890,  p.  40S)  uses  2  grams  ;  H.  Throop  Richmond  and  L-  K.  Boseley  {An- 
alyst^ x8, 170)  use  5  cc.  of  a  15-30  per  cent,  solution. 
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seating  the  full  yield  of  fat,  unless  the  exhausted  and  dried  coil 
is  exhausted  with  water,  and  again  exhausted  with  the  volatile 
solvent.  Water-washed  ether  mixed,  with  lo  to  15  per  cent 
petroleum  ether  and  distilled  after  shaking  out  with  concentrated 
glycerine,  answers  the  purpose  as  well  as  petroleum  ether,  as  a 
solvent,  and  possesses  other  advantages  if  the  petroleum  ether  has 
the  proper  boiling-point.  The  commercial  petroleum  ether  is  not 
suitable  for  this  purpose,  but  suitable  fractions  of  the  same 
may  readily  be  obtained  on  distillation. 

The  effective  manner  in  which  the  cane-sugar  prevents  the 
action  of  the  solvents  upon  the  fat  is  well  illustrated  in  the  asbes- 
tos-tube  method  for  fat  estimation,  in  which  20  cc.  of  a  20  per 
cent,  solution  of  the  milk  (4  grams)  is  deposited  upon  asbestos 
fiber,  and,  after  drying,  exhausted  with  petroleum  ether.  This 
method*  has  been  the  means  of  the  unjust  and  unwarranted 
condemnation  of  quite  a  number  of  condensed  milks.  It 
has  been  proved  that  the  method  failed  to  exhaust  all  the  fat, 
often  2  to  3  per  cent,  remaining  in  the  residue,  as  has  been  amply 
demonstrated  by  exhausting  the  residue  with  water  and  recover- 
ing the  shortage  of  fat  in  the  residuum.  The  asbestos  method 
has  found  favor  in  many  quarters  and  was  the  direct  cause  of 
condemnation  of  pure  milks  in  several  instances. 

The  recurring  frequency  of  unjust  condemnation  of  condensed 
milk  makes  it  particularly  necessary  for  chemists  to  exercise 
great  caution  in  expressing  opinions  upon  whether  a  milk  is 
skimmed  or  not.  There  are  instances  on  record  where  sweetened 
condensed  milks  with  high  content  of  cane-sugar  and  of  unques- 
tioned purity  were  condemned  as  adulterated  on  the  strength  of 
the  analysts  finding  low  percentages  of  fat  (3.8  per  cent,  lowest 
and  a  considerable  number  ranging  from  5.5  to  6.8  per  cent.) 
when  more  accurate  methods  demonstrated  the  presence  of  over 
8  per  cent,  of  fat  in  all  the  samples. 

A  difference  of  0.5  per  cent,  fat  has  a  very  important  bearing 
in  the  enforcement  of  a  law  defining  the  fat  contents  in  milk 
solids.  This  is  particularly  true  when  the  Ritthausen  method  is 
used  for  the  estimation  of  the  albuminoids,  any  error  in  the  fat 
estimation  reflecting  its  deficiency  in  increase  of  the  albuminoids 
(the  albuminoids  being  determined  by  difference)  so  that  the 

1  Bulletin  No.  54.  Condensed  Millc,  Inland  Revenue  Department,  Canada. 
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ratio  between  fat  and  albuminoid  is  distorted  to  a  degree  which 
would  reflect  seriously  upon  the  milk  under  examination,  and 
indicate  probable  skimming  in  the  minds  of  some  chemists. 

This  no  doubt  accounts  for  the  discrepancy  in  quite  a  number 
of  published  analyses  of  the  excess  of  albuminoid  over  fat  in 
what  probably  were  unskimmed  milks.  When  such  discrepan- 
cies are  noticed  in  an  analysis  it  is  advisable  to  check  the  results 
by  a  nitrogen  estimation  by  the  Kjeldahl  method,  if  this  was  not 
used  in  the  first  instance. 

CONCLUSION. 

In  conclusion  I  would  add  that  where  as  much  as  2  grams  of 
the  sweetened  condensed  milk  is  used  per  '*  Adams'  coil,"  the 
full  extraction  of  the  fats  cannot  be  depended  upon  in  a  direct 
exhaustion  of  the  coil  by  a  four  or  five  hours*  treatment.  For 
general  usage  i  gram  of  milk  per  fat-free  coil  and  four  or  five 
hours'  exhaustion  will  give  results  which  will  rarely  exceed  the 
experimental  errors  common  to  complicated  methods  in  which 
many  minor  details  all  must  add  their  perceptible  quota  to  a  final 
result.  The  asbestos-tube*  method,  without  water  exhaustion, 
cannot  be  considered  as  giving  acceptable  results,  as  the  short- 
age of  fat  by  the  same  renders  the  results  worthless.  Three  or 
four  hours'  exhaustion  of  the  dried  residue  with  petroleum  ether, 
drying  the  exhausted  mass  and  reexhausting  with  petroleum 
ether,  will  recover  most  of  the  fat. 

The  details  of  modus  operandi  especially  as  to  proportion  of 
milk  taken  to  asbestos  can  no  doubt  be  adjusted  so  that  with  the 
precaution  of  water  exhaustion  indicated  the  results  will  be  fully 
as  reliable  as  those  by  other  methods.  The  many  factors  enter- 
ing into  any  method  for  fat  estimation  in  sweetened  condensed 
milk  would  indicate  that  maximum  variations  of  =h  o.  i  are  possi- 
ble, and  that  any  method  yielding  uniform  results  within  that 
range  would  be  acceptable  for  all  ordinary  purposes,  as  to  accu- 
racy. 

^  Bulletin  No.  54,  Condensed  Milk,  Inland  Rev.  Dep't,  Canada. 
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IN  the  study  of  combustibles  and  in  all  tests  connected  with 
fuels  no  data  is  of  any  value  that  does  not  go  back  to  the 
thermal  units  involved.  This  fact  itself  is  not  new  but  its  appli- 
cation, especially  in  technical  work,  has  had  a  marked  increase 
in  recent  years.  This  increase  has  come  about  in  spite  of, 
rather  than  because  of,  the  instruments  available  for  the  deter- 
mination of  heat  units.  It  is  not  necessary  here  to  describe  the 
difficulties  and  defects  connected  with  existing  calorimeters, 
more  than  to  note  perhaps  the  two  extremes;  viz.,  the  L.  Thomp- 
son calorimeter  on  the  one  hand  which  admits  of  results  varyii^ 
by  15  per  cent,  from  the  truth,  and  the  high  pressure  bomb  cm 
the  other  which,  while  accurate,  requires  an  elaboration  of 
apparatus  and  skill  in  manipulation  not  conducive  to  the  wide 
use  it  deserves. 

The  calorimeter  here  described  has  the  advantage  of  operating 
without  an  oxygen  gas  supply  ;  its  manipulation  is  simple  and 
the  extraction  of  the  heat  rapid,  owing  to  the  compact  mass  in 
which  the  heat  is  generated.  It  is  especially  adapted  to  soft 
coal  and  while  designed  for  technical  purposes  its  factor  of  error 
is  well  within  0.5  per  cent.,  making  its  results,  therefore,  easily 
comparable  with  those  obtained  by  the  Berthelot  or  Mahler 
bombs.  The  principle  involved  in  the  process  depends  upon  the 
liberation  of  oxygen  from  such  a  compound  or  chemical  as  shall 
in  turn  absorb  the  products  of  combustion  thereby  avoiding  the 
necessity  of  providing  conduits  for  the  gases.  A  chemical  which 
admirably  meets  these  requirements  is  sodium  peroxide.  Its 
operation  may  be  illustrated  by  the  following  experiment  which 
was  one  of  the  first  used  to  determine  the  adaptability  of  this 
chemical.  A  sample  of  combustible  and  sodium  peroxide  in 
suitable  proportion  were  placed  in  a  short,  heavy,  copper  tube 
with  close-fitting  screw  plugs  at  each  end  and  the  contents  thor- 
oughly mixed  by  shaking.  The  bomb  was  then  held  in  the 
flame  of  a  Bunsen  burner  till  ignition  was  effected.  Upon  cool- 
ing and  opening  it  was  found  that  no  pressure  of  gas  was  prcs- 
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ent  and  on  dissolving  out  the  ftised  mass  the  combustion  was 
shown  to  be  complete.  The  instrument  ultimately  employed  for 
utilizing  these  conditions  may  be  best  shown  by  an  outline 
sketch. 

A  (  Fig,  I )  is  a  copper  vessel  of  a  little  over  two  liters'  capacity 
insulated  by  two  outer  vessels  of  indurated  fiber,  B  and  C,  so 


MB.  I. 

placed  as  to  provide  further  insulation  by  the  air  spaces  b  and  c. 
The  cover  is  double  to  correspond  with  an  air  space  between, 
the  two  parts  being  connected  for  convenience  in  handling.  The 
cartridge  D  has  an  inside  capacity  of  about  25  cc.  It  rests  on  a 
pivot  below  and  extends  through  the  covers  above  and  has  a 
small  removable  pulley  at  the  end.  Turbine  wings  fastened  to 
spring  clips  are  placed  on  the  cartridge,  and  a  short  cylinder  E, 
open  at  both  ends,  is  provided  for  directing  the  current  set  up 
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by  rotation  of  the  vanes  attached  to  the  cartridge.  The  vanes 
are  so  set  as  to  deflect  the  currents  downward  first  along  the  car- 
tridge and  then  up  along  the  outside  of  the  cylinder.  The  stem 
G  of  the  cartridge  is  so  arranged  as  to  permit  the  passage  of  a 
short  piece  of  No.  12  copper  wire  (Fig.  2).  It  is,  moreover,  pro- 
vided with  a  valve  D  at  the  lower  end  which  prevents 
the  escape  of  the  enclosed  air  when  heated  by  the  com- 
bustion of  the  charge.  The  two  ends  B  and  C  of  the 
cartridge  screw  on.  The  process  then  is  as  follows: 
I  gram  of  coal  ground  to  pass  through  a  lOO-mesh 
sieve  and  dried  in  the  oven  as  usual  at  105**-!  lo**  is  pat 
into  the  cartridge,  16  to  18  grams  of  sodium  peroxide 
are  added,  the  top  screwed  on  and  the  whole  shaken  to 
thoroughly  mix  the  contents.  The  peroxide  varies 
somewhat  in  fineness. .  It  should  practically  all  pass 
through  a  25-mesh  or  i  mm.  sieve.  After  tapping  the 
cartridge  to  settle  the  charge  in  the  bottom,  it  is 
placed  in  the  can  and  2  liters  of  water  added,  the  tem- 
perature of  the  water  being  3*  or  4"*  lower  than  the  tem- 
perature of  the  work  room.  The  pulley  is  connected 
by  string  to  a  small  water  or  electrical  motor  giving 
about  50  to  100  revolutions  per  minute  to  the  cart- 
ridge. When  constant  temperature  is  reached,  the 
reading  of  the  thermometer  is  taken  and  the  hot  wire 
is  dropped  through  the  valve  into  the  charge  which  is 
at  once  ignited  and  burns  completely  in  two  or  three 
seconds.  The  extraction  of  the  heat  is  effected  in 
about  five  minutes.  The  reading  of  the  maximum 
temperature  is  taken  and  the  calculations  made  as 
follows  : 

First, — A  correction  factor  is  needed  for  the  hot 
wire.  The  average  of  many  determinations  on  various 
lengths  up  to  2  inches  establishes  a  fairly  uniform  factor  of  0.012' 
C.  or  0.021®  F.  per  \  inch  of  No.  12  copper  wire.  In  this  work 
the  lengths  used  have  been  \  inch  and  f  inch  and  the  conection 
factor  for  the  wire  has  been  0.006**  and  0.009**. 

Second. — A  correction  is  made  necessary  by  reason  of  the  heat 
resulting  from  the  combination  of  the  products  of  combustion, 
carbon  dioxide  and  water,   with  the  chemical  employed.   This 
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heat  of  combination  causes  an  excess  over  and  above  the  actual 
heat  of  combustion,  amounting  to  27  per  cent,  of  the  total  indi- 
cated heat.  Hence,  this  correction  must  also  be  applied  in  the 
calculation.  The  method  then  of  calculation  will  be  as  follows : 
Supposing  a  centigrade  scale  to  have  been  used,  if  C  represents 
the  total  indicated  calories,  C  the  actual  calories  due  to  combus- 
tion, t  the  rise  in  temperature,  and  w  the  water  employed, 

then  .  C  =  (/— 0.012**)  X  w, 

and  C  =  C— ^'  ^  ^^, 

100 

or  C=  (/  —  0.012°)  XwX  0.73. 

In  case  a  Fahrenheit  thermometer  is  used  the  temperature  of  cor- 
rection for  i  inch  of  wire  is  0.021*  instead  of  0.012*"  and  the  final 
result  is  B.  T.  U.  per  pound  of  coal  instead  of  calories.  Of 
course  with  a  centigrade  thermometer  the  ultimate  reading  is 
changed  from  calories  to  B.  T.  U.  by  multiplying  the  calories 
obtained  by  1.8. 

A  word  of  explanation  is  necessary  as  to  the  method  of  arri- 
ving at  the  factor  for  the  heat  of  absorption  of  the  products  of 
combustion.  The  two  elements  concerned  are  carbon  and  hydro- 
gen. For  the  carbon  dioxide  resulting  from  the  combustion  of 
the  former,  the  correction  factor  is  easily  determined.  Pure 
sugar  carbon  is  prepared  and  run  in  the  calorimeter  as  above 
described.  The  average  of  a  number  of  such  determinations 
gave  a  total  calorific  result  of  11,084.  Now  taking  as  the 
accepted  figure  for  the  heat  of  combustion  of  carbon  in  calories, 
8,080,  we  have  therefore  an  increase  of  3,004  calories  due  to  the 
heat  of  absorption  of  the  carbon  dioxide  by  the  chemical.  By 
computation  this  is  found  to  be  27.1  per  cent,  of  the  total  indi- 
cated heat.  Now  as  to  the  heat  due  to  the  absorption  of  water 
from  the  combustion  of  hydrogen  the  problem  is  not  so  simple.- 
The  burning  of  sugar  affords  no  indication,  for  seemingly  other 
compounds  than  water  are  formed  and  as  in  the  case  of  sugar 
burned  in  the  bomb  calorimeter,  while  the  results  are  constant 
and  repeat  themselves  with  exactness,  they  vary  so  widely  from 
the  theoretical  data  as  to  make  it  evident  that  the  combinations 
do  not  proceed  in  a  simple  manner.  Naphthalene  does  not 
afford  a  factor,  chiefly  owing  to  its  volatility  and  consequent 
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faulty  combustion.     The  liberation  of  a  known  weight  of  water 
in  the  interior  of  the  cartridge  gave  very  indifferent  results,  the 
water  not  disseminating  throughout  the  peroxide  but  incrusting 
itself  in  a  moist  mass.     Many  other  methods  were  tried  with  the 
result  that  so  far  at  least  it  has  been  necessary  to  fall  back  on 
empirical  data  obtained  from  burning  widely  different  varieties 
of  coals  and  checking  the  same  coals  by  combustion  in  standard 
bomb  calorimeters.     The  following  table  gives  the  results  thus 
obtained,  using  coals  varying  in  their  ash  content  from  3  to  32 
per  cent.,  and  in  water  from  i   to  14  per  cent.     Also  as  wide  a 
variation  in  the  character  of  their  hydrocarbons  as  possible,  using 
a  cannel  coal, — Pennsylvania  gas  coal,  a  lignite  and  soft  coals 
from  widely  separated  districts  in  Illinois.     Supposing  the  factor 
for  absorption  of  water  formed  from  a  given  weight  of  hydrogen 
to  be  approximately  the  same  per  cent,  of  total  heat  evolved  as 
in  the  case  of  carbon  dioxide,  viz,^  27  per  cent,  and  applying 
this  factor  throughout,  we  have  the  following  results  obtained 
by  running  parallel  combustions  in  a  standard  Atwater  or  Mahler 
bomb  calorimeter  and  the  sodium  peroxide  apparatus.     In  a 
number  of  samples  the  process  was  conducted  in  both  the  Atwater 
and  Mahler  bombs.  The  instruments,  however,  checked  so  closely 
that  this  practice  was  not  continued  throughout  the  tests.     The 
proximate  analysis  is  included  in  the  table  in  order  that  the 
wide  variations  in  the  character  of  the  coals  may  be  indicated 
(see  table). 
A  few  facts  should  be  noted  : 

(a)  It  has  been  discovered  after  most  tedious  experience  that 
a  comparison  of  calorimeters  should  be  made  at  approximately 
the  same  time.  For  example  a  series  of  calorific  determinations 
made  on  finely  ground  samples  on  May  12,  1900,  were  found  to 
give  a  reading  2.4  percent,  lesson  July  12,  1900.  It  was  neces- 
sary to  repeat  practically  all  the  above  determinations  on  this 
account,  all  results  showing  a  slow  deterioration  in  the  finely 
ground  samples.  This  subject  will  receive  further  attention 
later. 

(b)  In  the  table  it  should  be  noted  that  the  first  five  samples 
are  from  the  same  mine  and  vary  but  slightly  in  composition. 
The  particular  purpose  in  introducing  this  series  was  to  note  if 
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the  calorimeter  would  differentiate  between  such  small  variations 
in  the  inert  material,  the  ash  and  water. 

Tabulating  the  results  with  reference  to  these  inert  materials 
and  giving  simply  the  calorimetric  reading  for  each  we  have  : 


No. 

Total  of  water  and  ash. 
Per  cent 

B.  T.  U. 

216 

13-79 

12,214 

217 

11.80 

12,286 

218 

9.87 

12,924 

220 

11.45 

.12,345 

221 

14.02 

12,056 

(c)  It  has  already  been  mentioned  but  attention  should  again 
be  called  to  the  fact  that  with  the  calorimeter  it  is  necessary  to 
operate  on  the  oven-dried  sample  for  the  reason  that  the  water, 
if  left  in  the  sample,  gives  off  heat  in  combining  with  the  chem- 
ical ;  hence,  a  gram  sample  is  weighed  and  dried  in  the  oven  or  if 
the  per  cent,  of  moisture  is  known,  an  oven-dried  sample  may  be 
weighed  out,  making  allowance  for  the  water.     No  other  condi- 
tions vary  the  results.     About  17  times  the  weight  of  coal  is  the 
best  amount  of  peroxide  to  insure  complete  combustion  but  vari- 
ations from   16  to  20  times  the  amount  do  not  appreciably  vary 
the  results.     Indeed  with  careful  work  and  a  good  thermometer 
the  instrument  repeats  its  own  results  fully  as  closely  as  the  bomb 
calorimeters.     The  usual  practice,  moreover,  has  been  to  work 
with  half-gram  samples,  using  a  measured  quantity, — 8  to 9  grams 
of  peroxide.     With  a  suitable  room  and  reasonable  precautions 
as  to  temperature  of  both  room  and  water  employed,  exceedingly 
constant  and  satisfactory  results  may  be  obtained  which  should 
vary  less  than  0.5  per  cent,  from  the  best  figure  obtainable  with 
a  standard  instrument. 

University  of  Illinois, 
Urbana,  111. 
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ON    THE    DETERniNATION    OF    PHOSPHORIC    ACID  AS 

PHOSPHOMOLYBDIC  ANHYDRIDE. 

By  H.  C.  Sherman  and  Hbnry  St.  John  Hyde. 
Received  July  93,  1900. 

ALTHOUGH  a  great  amount  of  work  has  been  done  in  this 
country  upon  the  subject  of  phosphorus  determination, 
practically  no  attention  seems  to  have  been  given  to  methods 
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which  involve  the  ignition  of  ammonium  phosphomolybdate 
and  weighing  of  the  residue.  A  given  weight  of  phosphoric 
acid  yields  about  sixteen  times  as  much  phosphomolybdic 
anhydride  as  magnesium  pyrophosphate,  and  the  **  yellow  pre- 
cipitate can  be  ignited  much  more  quickly  and  apparently  with 
quite  as  definite  results  as  it  can  be  dried.  It  seems  strange, 
therefore,  that  less  attention  has  been  given  to  this  than  to  the 
other  rapid  gravimetric  methods. 

The  first  attempt  to  determine  phosphoric  acid  as  phospho- 
molybdic anhydride  was  probably  that  of  Meineke.^  The 
phosphate  was  precipitated  by  means  of  the  ordinary  acid  molyb- 
date  reagent  from  a  solution  containing  20  to  25  per  cent,  of 
ammonium  nitrate,  heated  to  5o°-6o®  and  vigorously  stirred. 
After  washing  with  a  weakly  acid  solution  of  ammonium 
nitrate,  the  precipitate  was  heated  below  redness  for  fifteen 
minutes.  The  residue  was  believed  to  be  of  constant  compo- 
sition and  to  it  was  assigned  the  formula  PjOj.Mo^Ojg. 

Hanamann'  about  ten  years  later  published  a  method  very 
similar  to  that  of  Meineke  but  recommended  that  the  precipita- 
tion be  made  at  room  temperature. 

Later  Meineke'  made  an  extended  series  of  determinations 
on  solutions  of  pure  phosphates  from  the  average  of  which  he 
calculated  the  percentage  of  P^Oj  in  the  residue  to  be  3.949  per 
cent.,  agreeing  well  with  the  formula,  P,05.24MoO,.  He  recom- 
mended that  in  the  presence  of  a  little  iron  the  precipitation  be 
carried  out  at  50"*  in  the  presence  of  5  per  cent,  of  ammonium 
nitrate,  using  the  ordinary  acid  molybdate  solution  while  if  the 
solution  contained  much  iron  at  least  10  per  cent,  of  ammonium 
nitrate  and  5  to  10  per  cent,  of  strong  nitric  acid  should  be 
present  and  the  precipitation  carried  out  at  a  higher  temperature. 
Good  results  are  reported  on  two  samples  of  phosphate. 

Woy*  developed  the  following  method  and  applied  it  to  a 
variety  of  technical  products  : 

Reagents, — (i)  A  3  per  •cent,  solution  of  ammonium  molyb- 
date ;  (2)  ammonium  nitrate  solution — 340  grams  per  liter; 
(3)  nitric   acid  of  1.153  sp.    gr.;   (4)  wash  solution  containing 

1  Repert.  anal.  Chtm,^  5, 153  (1885)  ;  Ztschr.  anal  Chem.,  a6,  636  (1887). 

«  Cfum.  Ztg.,  19,  553  ('895). 

•  Ibid.,  ao,  to6  (1896). 

4  Ibid.y  ai,  44X  and  469  (1897). 
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200  grams  ammonium   nitrate   and  160   cc.  of  nitric  acid  in  4 
liters  of  water. 

Procedure. — To  an  aliquot  part  of  the  solution  corresponding 
to  0.5  gram  substance,   add  30  cc.  ammonium  nitrate  solution 
and  10  to  20  cc.  of  the  nitric  acid  and  heat  until  bubbles  com- 
mence to  rise,  then  add  the  necessary  quantity  of  molybdate 
solution  heated  to  the  same  degree   (about  So""  in  our  experi- 
ments).    The  reagent  is  run  into   the  middle  of  the  solution 
which  is  kept  in  motion  during  the  operation.     After  fifteen 
minutes  when  the  precipitate  has  settled,  the  solution  is  de- 
canted  through   a   porcelain   Gooch   crucible,    the   precipitate 
washed  by  decantation  with  50  cc.  of  the  wash  solution  and 
then  dissolved  in  the  beaker  in  dilute  ammonia  and  reprecipi- 
tated  by  adding  hot  nitric  acid,  drop  by  drop,  stirring  or  shaking 
the  solution.     Filter  on  the  porcelain  Gooch  crucible  and  wash 
with  the  hot  wash  solution.     Finally  place  the  porcelain  crucible 
inside  of  a  nickel  crucible  and  heat  until  the  bottom  of  the  latter 
is  dull  red.     After  fifteen  minutes  the  precipitate  is  transformed 
into  P,05.24Mo08. 

Pellet^  considers  the  second  precipitation  of  ammonium  phos- 
phomolybdate  recommended  by  Woy  to  be  unnecessary. 
Having  seen  only  a  brief  abstract  of  his  paper  we  do  not  know 
the  nature  of  the  experiments  on  which  his  conclusion  is  based. 

Hanamanu'  suggests  that  contamination  with  silica  is  best 
avoided  by  carrying  out  the  precipitation  at  a  low  temperatare 
and  in  the  presence  of  considerable  free  nitric  acid. 

Some  preliminary  trials  with  microcosmic  salt  solutions 
having  given  results  quite  favorable  to  Woy's  method  whether 
with  or  without  a  second  precipitation,  we  were  led  to  compare 
on  a  number  of  samples:  (i)  The  well-known  molybdate-mag- 
nesia  method  carried  out  according  to  the  directions  of  the 
Association  of  Official  Agricultural  Chemists  and  here  called 
the  official  method;  (2)  Woy's  method. as  published;  (3) 
Woy's  method,  omitting  the  second  precipitation  of  ammoninm 
phosphomolybdate.  The  samples  tested  were  not  only  **  mixed" 
fertilizers  but  nearly  all  of  them  were  **  composites  ' '  so  that 
together  they  represent  a  large  variety  of  fertilizer  materials. 

1  Rev.  Chim.  Analyi.  Appi.,  v.  (20),  405;  Abs.  Analyst,  23,  25  (1898). 

s  Ztschr.  landw.  Vers-Sta.  Osi.,  3,  53 ;  Abs.  J.  Soc,  Chem.  Ind^^  378  (1900). 
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In  each  case  solution  was  effected  by  boiling  with  30  to  50  cc. 
of  concentrated  nitric  acid  and  5  to  to  cc.  concentrated  hydro- 
chloric acid.  The  organic  matter  was  not  burned  off  before  the 
solution  nor  was  the  silica  removed  by  evaporation.  The 
results  obtained  are  shown  in  Table  A  which  follows  : 

Tabi«b  a.    Results  with  and  without  Rkprecipitation. 

Woy'5  method 


Official 

r- 

'1 

omitting  2nd 

ro. 

Description 

of  sample 

method. 

as 

published. 

precipitation. 

Per  cent.  PiO». 

Per  cent.  P»0». 

Per  cent.  PiOj. 

I. 

Mixed  fertilizer    . 

... .    II. 16 

11.13 

ir.i6 

2. 

12.23 

12.26 

12.27 

3- 

12.95 

12.84 

13.02 

4. 

11.15 

11.26 

II. II 

5. 

....      9.80 

9-73 

9.60 

6. 

10.84 

10.95 

10.93 

7. 

Average  . . 

»••••   •■•• 

••••    10.53 
11.24 

10.62 
11.26 

10.70 
11.26 

In  these  samples  the  second  precipitation  demanded  by  Woy*s 
method  seems  to  have  been  entirely  unnecessary.  We  there- 
fore tried  the  effects  of  salts  of  a  few  of  the  commoner  acids 
and  bases  upon  the  results  obtained  by  ignition  of  the  first 
yellow  precipitate.  A  commercial  superphosphate  was  dis- 
solved as  above  and  its  phosphoric  acid  content  determined  by 
the  official  method  and  by  ignition  of  the  first  **  yellow''  pre- 
cipitate. To  aliquot  parts  of  the  same  solution,  corresponding 
to  0.4  gram  of  substance,  were  added  the  various  salts,  about 
0.4  gram  being  used  in  each  case.  The  yellow  precipitate  was 
ignited  without  reprecipitation.  The  determinations  were  not 
duplicated  as  in  no  case  was  the  deviation  from  the  true  per- 
centage greater  than  might  easily  be  due  to  manipulation  of  a 
new  method.     The  results  are  shown  in  Table  B. 

TABI.K  B.    Effects  of  Impurities. 

Sample.  Method.  Per  cent.  PtO».     Averag^e. 

Superphosphate.  Official  method.  18.26  

**  Ignition  of  first  yellow  ppt.      18.14  18.20 

•*  +  NaNO,  •*            "  18.16  

**+KNO,  *'            •*  18.10  

**-l-Sr(NO,),  "            »*  18.31  

•• -l-Mg(NOj),  **            **  18.21  

•' +  FefNOs)^  *•            **  18.15  

•* -i- Ba(NO,),  *'            "  18.33  

•• -I- (NHJ-SO*  "            '*  18.17  

**  -h  NH^Cl^  ••            "  18.10  18.19 
1  Woy  found  that  very  large  quantities  of  ammonium  chloride  interfered  with  the 
precipitation  of  ammonium  phosphomolybdate. 
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In  carrying  out  the  method  it  was  naturally  found  that  the 
precipitate  formed  was  mot^  granular  and  more  easily  washed 
if  the  molybdate  solution  was  added  very  slowly  and  with 
vigorous  stirring.  The  modification  which  follows  seems  to  as 
to  combine  most  of  the  best  features  of  Woy's  and  Gladding's 
methods. 

MODIFIED   METHOD. 

To  the  solution  representing  0.2  to  0.5  gram  of  the  sample, 
add  25  cc.  strong  ammonia  (sp.  gr.  0.90),  neutralize  with  nitric 
acid  and  then  add  5  to  8  cc,  according  to  the  impurities  present, 
of  concentrated  nitric  acid  (sp.  gr.  1.42)  in  excess.  Bring  the 
solution  to  a  bulk  of  about  150  cc.  and  a  temperature  of  50*^  C. 
and  maintain  at  this  temperature  (conveniently  by  standing  the 
beaker  in  a  pan  of  warm  water)  while  adding,  drop  by  drop 
with  constant  stirring,  a  neutral  3  per  cent,  solution  of  ammonimn 
molybdate  sufficient  to  give  an  excess  of  about  20  cc.  Stir 
vigorously  and  allow  to  stand  for  about  ten  minutes;  decant 
through  a  porcelain  Gooch  crucible  and  wash  the  precipitate 
three  times  by  decantation  with  50  to  70  cc.  and  then  on  the 
filter  with  200  to  250  cc.  of  a  cold  solution  of  one  part  concen- 
trated nitric  acid  in  100  parts  of  water.  Finally  the  precipitate 
is  ignited  as  described  by  Woy,  leaving  a  residue  of 
P,05.24MoO,. 

Suction  was  employed  in  the  filtration,  and  in  washing  on  the 
filter  the  precipitate  was  well  stirred  up  with  the  dilate  acid 
wash  solution.  The  neutral  ammonium  molybdate  solution 
was  employed  simply  to  permit  of  the  direct  addition  of  the 
desired  amount  of  nitric  acid  irrespective  of  the  amount  of  the 
molybdate  solution  to  be  used. 

As  would  be  expected  in  working  any  new  method,  a  few 
individual  determinations  were  found  on  repetition  to  be  wrong. 
These  '*  wild  "  results  were  too  high,  doubtless  from  the  pre- 
cipitation of  impurities,  and  emphasize  the  necessity  of  careful, 
slow  addition  of  the  molybdate  solution.  Only  one  sample  was 
encountered  in  which  the  results  obtained  by  the  method 
described  differed  by  more  than  two-tenths  of  one  per  cent, 
from  those  given  by  the  official  method.  This  was  a  phosphatic 
slag  which  contained,  according  to  the  official  method,  17.27  per 
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cent,  and  according  to  the  new  method  '16.97  P^^  cent,  of 
PjOj.  The  final  precipitate  obtained  by  the  official  method 
^^as,  however,  contaminated  with  iron  and  this  result  was  thus 
undoubtedly  too  high,  that  by  the  new  method  being  probably 
nearer  the  truth.  These  results  on  this  sample  are  therefore 
omitted  from  the  table  which  follows. 

Table  C  below  shows  the  results  obtained  by  Woy's  method, 
omitting  the  second  precipitation,  and  by  the  modified  method 
described  above,  together  with  the  results  obtained  by  the 
official  method.  The  samples  are  numbered  in  the  order  in 
which  they  were  analyzed. 

Tablb  C.    Comparison  of  Resui<ts. 

Per  cent.  P^Os  found. 

J  1         A  >. 


■8 


9.0 


i        5-1      t-i 


No.       Description  of  sample.                         o                     00 
I.     Mixed  fertilizer 11. 16  11. 16  


II 


2.  "  12.23  12.27 


II 


3.  12.95  13.02 


II 


4.                                   II. 15  II. II  

5.  "                  9.80  9.60  

6.  **                   10.84  10.93  

7.  **                  10.53  10.70  

8.  Acid  phosphate 18.26  18.14  

9.  Mixed  fertilizer 14*90  14.91  

10.  **                  II. 21  11.27  

11.  "                  1375  13.66  

12.  '*                  11.44  11.54  11.45 

13.  *'                  17.55  17-57  17.42 

14.  Steamed  raw  bone 32.34  32.32 

15.  Natural  soft  phosphate 20.80  20.92 

16.  South  Carolina  phosphate* •  > •   27.60  .....  27.74 

17.  Florida  phosphate 29.76  29.76 

18.  South  Carolina  phosphate .  •  •  •   27.92  . .  •  - .  27.80 

19.  Basic  slag  phosphate 17*77  17.^7 

Average,  Nos.  i  to  13 12.75  12.76  

Average,  Nos.  12  to  19 23.15  23.14 

CONCI.USION. 

In  all  of  the  twenty  samples  examined,  which  represent  a  large 
17-22 
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variety  of  the  common  phosphatic  materials  of  the  fertilizer 
industry,  the  determination  of  phosphoric  acid  as  phospho- 
molybdic  anhydride  was  found  to  give  satisfactory  results  even 
without  a  reprecipitation  of  the  ammonium  phosphomolyhdate. 

The  presence  in  considerable  quantity  of  some  of  the  common 
acids  and  bases  was  found  to  be  without  appreciable  effect. 

With  either  modification  of  the  method  the  average  result 
obtained  on  all  the  samples  analyzed  was  practically  the  same 
as  that  yielded  by  the  official  method  which  would  seem  to 
indicate  that  such  variations  as  occur  are  due  mainly  to 
manipulation. 

By  the  method  described  a  determination  may  be  completed 
in  much  less  time  than  by  any  other  gravimetric  method  with 
which  we  are  familiar  but  in  handling  several  samples  simulta- 
neously, the  saving  of  time  is  less  apparent. 

Columbia  Univb&sitt,  Nxw  York  City,  July,  1900. 
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IN  a  preceding  communication^  on  this  subject  it  was  mentioned 
that  sodium  methylate  reacts  with  the  dibromides  of  certain 
unsaturated  ketones  of  the  general  formula, 

R— CH=CH— CO— CeHj, 

yielding  1,3-diketones  of  the  formula, 

R— CO— CH— CO— CeH,. 

Thus  benzylidene  acetophenone  dibrdraide  was  readily  converted 
into  dibenzoyl  methane^  and  anisylidene  acetophenone  dibromide 
was  found  to  give  a  1,3-diketone  analogous  to  dibenzoyl  methane, 
and  called  anisoyl  benzoyl  methane.  It  was  suggested  that  the 
formation  of  these  diketones  from  the  dibromides  of  unsaturated 
ketones  was  accomplished  by  the  production  of  unsaturated 
ethers, 

R— C  (OCH,) = CH— CO— CeH„ 

^  Pond.  MaxweU,  and  Norman  :  This  Journal,  tx,  955. 
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which  were  converted  by  hydrolysis  with  dilute  acids  into  the 
unsaturated  ketone  alcohols, 

R— C(OH ) =CH— CO— C,H„ 
and  these,  in  turn,  by  an  intramolecular  change  into  the  satu- 
rated 1,3-diketones, 

R— CO— CH— CO— C.Hj. 

Such  a  reaction  would  be  somewhat  analogous  with  the  forma- 
tion of  ketones  from  the  dibromides  of  anethol,  isosafrol,  and 
other  propenyl  compounds. 

Closer  investigation  of  the  compound  obtained  from  anisyli- 
dene  acetophenone  dibromide  and  of  its  derivatives  leads  us  to 
believe  that  the  last-mentioned  change  of  the  unsaturated  ketone 
alcohol  into  the  saturated  diketone  does  not  take  place,  and  that 
the  compound  is  a  keto-enolic  modification  of  anisoyl  benzoyl 
methane  and  may  be  called  a-oxyanisylidene  acetophenone^ 

/OCH,(i) 

\C(0H)=CH— CO— CeHs  (4)' 

Its  solution  in  alcohol  is  colored  an  intense  brownish  red  by 
the  addition  of  ferric  chloride;  aqueous  ferric  acetate,  made  by 
mixing  the  solutions  of  one  part  of  ferric  chloride  and  three  parts 
of  sodium  acetate,  throws  out  the  ferric  salt  of  of-oxyanisylidene 
acetophenone  as  a  brick-red,  crystalline  precipitate,  which  is  insol- 
uble in  water  and  alcohol,  but  soluble  in  dilute  hydrochloric  acid. 
W.  Wislicenus*  has  suggested  that  the  formation  of  such  colored 
iron  compounds  on  the  addition  of  ferric  chloride  to  the  alcoholic 
solutions  is  a  property  of  compounds  containing  the  group, 

C(OH)=C— , 
such  as  phenols  and  the  enqlic  modifications  of  >5-keto-com- 
pounds  ;  also,  that  in  these  colored  iron  compounds  the  metal  is 
joined  to  the  oxygen  atom,  a  view  which  Claisen*  also  holds 
regarding  the  constitution  of  the  iron  salts  of  the  /?-  or  1,3-dike- 
tones. 

This  compound  is  soluble  in  dilute  alkalies,  and  is  reprecipi- 
tated  by  acids.  A  green,  crystalline  copper  salt  is  precipitated 
from  its  alcoholic  solution  by  an. alcoholic  solution  of  copper  ace- 

1  W.  Wislicenus :  Ann.  Chem.  (Mebig),  agx,  174. 
s  X,.  Claisen :  Ibid.^  sSx,  344. 
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tate.  It  decolorizes  immediately  a  solution  of  potassium  per- 
manganate in  the  cold,  but  it  does  not  yield  an  additive  product 
with  bromine.  It  is  indifferent  towards  acetic  anhydride  and 
benzoyl  chloride. 

The  experimental  part  of  our  work  is  preceded  by  the  follow- 
ing brief  review  of  the  contents  of  this  paper. 

The  method  of  preparation  of  anisylidene  acetophenone,  the 
starting-point  of  our  investigation,  is  slightly  modified,  by  means 
of  which  a  larger  yield  of  the  compound,  melting  at  78^is 
obtained.  This  substance  unites  readily  with  two  atoms  of  bro- 
mine, forming  an  additive  product.  The  dibromide  can  not  be 
recrystallized  unchanged  from  alcohol,  but  it  separates  withont 
change  from  acetic  ether  in  large  crystals,  melting  at  139''  to  I40^ 

When  anisylidene  acetophenone  dibromide  is  dissolved  in 
alcohol  and  the  solution  is  boiled  for  a  short  time,  hydrogen  bro- 
mide is  eliminated  and  an  alcohol  addition-product  of  monobromo- 
anisylidene  acetophenone  is  produced  : 

/OCH,(i) 
C,H,  +  C,UfiH  =  HBr  + 

\cHBr— CHBr— CO— CeH,  (4) 
/OCH, 

CeH, 

\cHBr— CH(OC,H,)— CO— C^Hj 

"^CH  (OC,H,)— CHBr— CO-C.H, 

This  is  a  saturated  compound,  which  melts  at  73.5°  to  74.5*. 
When  heated  carefully  in  a  distilling  flask,  no  change  is  to  be 
noted  until  the  temperature  reaches  about  155"  to  160** ;  a  clear 
liquid  then  comes  over  having  the  odor  and  boiling-point  of  ethyl 
alcohol,  and  yielding  the  iodoform  reaction.  If  the  distillation 
be  interrupted  as  soon  as  alcohol  ceases  to  be  given  off,  the  liquid 
remaining  in  the  flask  solidifies  and  crystallizes  from  alcohol  or 
ethyl  acetate  in  large  plates,  melting  at  94.5** ;  these  are  shown 
to  be  monobromoanisylidene  acetophenone. 

The  analogous  methyl  alcohol  addition-product  was  prepared, 
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and  crystallized  from  melh}'!  alcohol  in  fine  crystals,  which  melt 
at  I02®.  The  propyl  alcohol  addition-product  is  an  oil,  and  is 
not  further  examined. 

In  a  previous  paper'  it  was  shown  that  when  anisylidene  aceto- 
phenone  dibromide  was  heated  with  two  molecules  of  sodium 
methylate  or  ethylate  and  the  resultant  product  hydrolyzed  with 
hydrochloric  acid,  a  compound  was  formed  which  melted  at  131® 
to  132^ ;  this  compound  was  called  anisoyl  benzoyl  methane. 
Further  investigation  has  shown  that  it  consists  of  ^-oxyanisyli- 
dene  acetophenone,  /.  ^.,  it  is  the  oc-  or  acid-modification  of  the 
diketone,  C^jHi^O,,  and  is  to  be  represented  by  the  formula, 

^OCH,(i) 
CeH, 
\C(0H)=CH— CO— CeH^  (4) 

The  filtrate  obtained  in  the  preparation  of  this  compound 
yields  an  exceedingly  small  quantity  of  a  silky,  crystalline  sub- 
stance, which  melts  at  90°  and  is  exceptionally  soluble  in  alcohol; 
the  analysis  of  this  compound  indicates  that  it  has  the  composi- 
tion represented  by  the  formula,  Cj^Hi^O^.  It  may  possibly  prove 
to  be  the  keto-glycol, 

/0CH3(i) 
C.H, 
\CH(0H)— CH(OH)— CO— C.Hj,  (4)  " 

Until  a  method  of  preparation  is  found  by  which  a  suitable  quan- 
tity of  this  substance  can  be  obtained  and  further  experimental 
evidence  is  secured,  we  do  not  care  to  commit  ourselves  regard- 
ing its  structure.  Should  further  investigation  prove  it  to  be 
the  keto-glycol  suggested  above,  its  study  will  lead  to  very  inter- 
esting results. 

or-Oxyanisylidene  acetophenone  yields  quantitatively  a  copper 
salt.' 

/OCH,(i) 

\c(Ocu)=CH— CO— C.H, ' 
which  melts  with  decomposition  at  247**  to  249**.     a-Oxyanisyli- 

1   Loc.  at. 

s  cu  =  i  atom  Cu. 
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dene  acetophenone  is  easily  regenerated  in  a  pure  condition  by 
warming  this  copper  salt  with  dilute  hydrochloric  acid. 

The  action  of  hydroxylamine  hydrochloride  upon  an  alcoholic 
solution  of  a-oxyanisylidene  acetophenone  gives  flr,;/^-methoxy- 
phenyl-phenyl-isoxazole,  melting  at  120°;  it  crj^stallizes  from 
alcohol  in  small  flakes,  which  possess  a  brilliant  mother-of-pearl 
luster.  Claisen^  has  shown  that  monoximes  of  the  /?-  or  1 ,3-di- 
ketones  are  not  generally  known.     In  attempts  to  prepare  them, 

« 

water  usually  splits  off  and  an  intramolecular  anhydride  forma- 
tion takes  place,  giving  the  isoxazoles.  J.  Wislicenus'  succeeded 
in  preparing  a  monoxime  from  a-benzylidene  acetophenone  by 
the  action  of  free  hydroxylamine  ;  but  it  showed  a  great  ten- 
dency to  lose  water  with  the  formation  of  ar,/-diphenyl-isoxaz- 
ole. 

An  isomeric  methoxyphenyl-phenyl-isoxazole  is  formed  by  the 
action  of  an  excess  of  potassium  hydroxide  upon  the  mixed  alco- 
holic solutions  of  anisylidene  acetophenone  dibromide  and 
hydroxylamine  hydrochloride.  It  crystallizes  from  alcohol  in 
small,  silky  needles,  which  melt  at  128^. 

Acetic  anhydride  and  benzoyl  chloride  do  not  react  with  the 
hydroxy  1  group  of  a-oxy anisylidene  acetophenone. 

Bromine  seems  to  convert  a-oxyanisylidene  acetophenone  into 
a  bromiile  derivative  of  the  )9- modification  of  the  diketone. 
Instead  of  absorbing  two  atoms  of  bromine  and  yielding  an  addi- 
tive product  as  would  naturally  be  anticipated  by  the  formula, 

^OCH, 

\C(0H)=CH— CO-CeH^ 

an  atom  of  bromine  is  substituted  for  one  hydrogen  atom,  and 
the  compound, 

^OCH, 

CeH, 

\C0— CHBr— CO— C.Hj ' 

anisoyl  benzoyl  monobromomethane,  is  formed.  It  crystallizes 
well,  and  melts  at  127.5**  to  128.5°.  ^t  gives  no  coloration  with 
ferric  chloride  and  alcohol,  and  does  not  form  a  copper  salt  by 

1  L.  Claisen  :  Ber.  d.  chem.  Ges.,  34,  3906;  ax,  2178 1  24,  390 ;  35,  1787. 
s  J.  Wislicenus  :  Ann.  Chem,  (Liebig),  308,  250. 
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the  addition  of  an  alcoholic  solution  of  copper  acetate.     It  appar- 
ently contains  no  hydroxyl  group. 

An  important  part  of  our  work  is  to  determine,  if  possible,  the 
exact  course  of  the  reaction  by  which  the  enoHc-ketone  is  formed 
from  anisylidene  acetophenone  dibromide  by  the  action  of  sodium 
alcoholate.  When  one  molecule  of  the  dibromide  is  boiled  with 
two  molecules  of  sodium  ethylate,  the  resulting  product  consists 
of  an  unsaturated  ether, 

/OCH, 

\c(0C,H5)=CH— CO— CeH/ 

Dilute  acids  hydrolyze  this  compound  with  the  formation  of  ethyl 
alcohol  and  the  keto-enole, 

/OCH, 
C.H, 

\c(OH)=CH— CO— C^H, 

When  sodium  methylate  is  employed,  the  unsaturated  methyl 
ether  is  produced,  which  also  yields  a-oxy anisylidene  acetophe- 
none on  hydrolysis.  The  sodium  alcoholate  seemed  to  have  a 
double  action  in  that  it  split  off  one  bromine  atom  as  hydrogen 
bromide  and  then  replaced  the  second  bromine  atom  with  the 
methoxyl  or  ethoxyl  group.  It  therefore  remained  to  determine 
whether  the  sodium  alcoholate  could  react  under  certain  condi- 
tions so  that  the  two  phases  of  the  reaction  could  be  separated, 
and  the  intermediate  products  isolated. 

For  this  purpose  we  treated  one  molecule  of  the  dibromide 
with  a' dilute  solution  of  one  molecule  of  sodium  methylate  in 
methyl  alcohol.  The  product  consists  of  two  compounds  :  the 
one  crystallizing  in  small  needles  and  melting  at  [01.5''  to  102.5^ 
is  the  methyl  alcohol  addition-product  of  monobromoanisylidene 
acetophenone,  and  is  formed  in  small  quantity ;  the  other  is 
monobromoanisylidene  acetophenone,  which  crystallizes  in  beau- 
tiful plates  and  melts  at  94''.  On  heating  the  methyl  alcohol 
additive  compound  it  loses  methyl  alcohol  and  yields  monobromo- 
anisylidene acetophenone.  This  alcohol  addition-product 
should  probably  be  represented  by  one  of  the  two  following 
structural  formulas, 
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/OCH,(l) 

C.H, 

XIHBr— CH(OCH,)— CO— C^Hj  (4) 

I. 

/OCH,(i) 

\CH(0CH,)— CHBr— CO— C,H,  (4)' 

II. 

and  monobromoanisylidene  acetophenone  by  the  formula, 

/OCH,(i) 
C,H^ 

\cBr=CH— CO— C.H,  (4) 

/OCH.(i) 

or  C,H, 

\cH=CBr— CO-C,Hj  (4) . 

II. 

For  the  present  we  prefer  the  formula  I  for  each  compound  for 
the  following  reasons: 

If  the  alcohol  addition-product  has  the  structure  as  represented 
by  formula  II,  the  unsaturated  monobromide  resulting  from  it 
by  the  elimination  of  methyl  alcohol  must  have  the  formula  II, 
thus  containing  the  bromine  atom  in  the  /^-position  to  the 
methoxyphenyl  group.  It  would  be  expected  that  by  the  action 
of  another  molecule  of  sodium  methylate  upon  this  compound. 
a  new  ether, 

yOCH, 

\cH=C(OCH,)— CO— C^h/ 

would  be  formed  by  the  replacement  of  the  bromine  atom  by 
methoxyl,  or  the  monobromide  might  loose  hydrogen  bromide 
and  yield  a  compound  containing  a  triple  linkage,  benzoyl  meth- 
oxyphenyl acetylene, 

/OCH, 
C.H, 
\c=C— CO— C,H, 
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Neither  of  these  compounds,  however,  have  been  obtained. 
If  the  alcohol  addition-product  be  represented  by  formula  I, 
then  by  the  splitting  o£F  of  alcohol  an  unsaturated  bromide  hav- 
ing the  above  formula  I  with  the  bromine  atom  in  the  a- position 
would  result.  Such  a  compound  might  react  with  one  molecule 
of  sodium  methylate  giving  rise  to  the  same  unsaturated  methyl 

ether, 

/OCH, 

\C(0CH3)=CH— CO— C^h/ 

which  is  produced  by  the  treatment  of  the  dibromide  with  two 
molecules  of  sodium  methylate,  and  by  the  hydrolysis  of  this 
ether  the  same  keto-enole  must  result.  Our  experiments  show 
that  the  reaction  takes  place  in  this  manner,  since  the  monobro- 
mide  does  react  with  sodium  methylate,  yielding  the  same  ether 
which  results  by  the  action  of  an  excess  of  methylate  upon  the 
dibromide,  and  from  which  a-oxyanisylidene  acetophenone  is 
formed  by  hydrolysis. 

The  formation  of  ^-monobromoanisylidene  acetophenone  and 
of  its  alcohol  addition- product  in  the  same  reaction  would  seem 
to  indicate  that  one  molecule  of  sodium  alcoholate  eliminates 
hydrogen  bromide  from  a  large  part  of  the  dibromide,  yielding 
the  unsaturated  monobromide,  and  at  the  same  time  it  replaces 
one  atom  of  bromine  in  another  smaller  portion  of  the  dibromide 
with  the  methoxyl  group.  It  is  also  possible  that,  under  the 
conditions  of  the  experiment  in  which  great  care  must  be  taken 
to  avoid  any  excess  over  one  molecule  of  sodium  methylate,  in 
order  to  prevent  the  elimination  of  both  bromine  atoms,  that  all 
of  the  sodium  methylate  is  employed  to  remove  hydrobromic 
acid,  and  that  the  small  quantity  of  the  methyl  alcohol  addition- 
product  is  due  simply  to  the  action  of  the  methyl  alcohol  on 
some  unchanged  dibromide. 

a-Oxyanisylidene  acetophenone  is  probably  formed  by  the 
action  of  sodium  alcoholate  upon  anisylidene  acetophenone  di- 
bromide in  accordance  with  the  following  equations  : 

/OCH.  (I) 
I.    C,H,  +NaOCH,     = 

\:HBr— CHBr— CO— C,H,  (4) 
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,OCH. 

C,H.  +  NaBr  -|-  CH,OH. 

NCBr=CH  -CO— C,H, 

yOCH, 

2.     C,H,  +  NaOCH,  = 

\cBr=CH— CO— C.H, 

/OCH, 
C,H.  +  NaBr. 


\:(OCH,) =CH— CO— C,Hj 


yOCH, 


3.     C.H,  +H— O— H  = 

^C  ( OCH.) =CH— CO— C.H, 
.     /OCH. 

C,H,  +  CH,OH. 

\C(OH)=CH— CO— C,H. 

In  the  first  phase  of  the  reaction,  the  bromine  atom  in  the  fi- 
position  to  the  methoxyphenyl  group  is  eliminated  as  hydrogen 
bromide  with  the  formation  of  an  unsaturated  monobromide, 
while  in  the  second  stage,  the  bromine  atom  in  the  ^-position  is 
replaced  by  the  methozyl  group,  giving  an  unsaturated  ether, 
which  is  readily  hydrolyzed  into  the  enolic  ketone. 

BXPBRIMBNTAI,. 

/OCH,(i) 

Anisylidene  Acetophenone^    C^H^ 

\:H=CH— CO— C.H,  (4) 
This  substance  is  very  readily  prepared  by  the  following 
method :  Twelve  grams  of  acetophenone  and  13.6  grams  of  anis- 
aldehyde  (molecular  proportions)  are  dissolved  in  50  cc.  of  alco- 
hol and  treated  with  5  cc.  of  a  20  per  cent,  solution  of  sodium 
methylate.  After  standing  for  about  fifteen  minutes,  the  solution 
is  shaken  vigorously  for  a  few  minutes,  when  the  product  sepa- 
rates as  a  yellow,  crystalline  solid ;  this  is  filtered  by  the  pump, 
washed  sparingly  with  cold  alcohol,  dried,  and  recrystallized 
from  alcohol.     It  crystallizes  from  alcohol  in  long,  light  yellow 
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needles,  and  melts  at  77**  to  78®.  It  is  easily  soluble  in  hot  ethyl 
and  methyl  alcohols,  ether,  and  chloroform.  Upon  analysis  it 
gave  the  following  results : 

I.  0.1582  gram  gave  0.4674  gram  carbon  dioxide  and  0.0822  gram  water. 

II.  0.1603  gram  gave  0.4733  gr&ni  carbon  dioxide  and  0.0846  gram  water. 

Calculated  for  Pound. 

C,cHi40s.  I.    .  II. 

Carbon 80.65  •  80.58  80.53 

Hydrogen 5.88  5.77  5.86 

Anisylidene  Acetophenane  Dibromide^ 

^OCH,(i) 

\cHBr— CHBr— CO— C«H5(4)' 

Twenty-five  grams  of  anisylidene  acetophenone  were  dissolved 
in  125  cc.  of  ether  and  the  solution  was  cooled  ;  16.8  grams  (one 
molecule)  of  bromine  were  added  slowly  and  with  constant  sha- 
king. After  two- thirds  of  the  bromine  had  been  introduced,  the 
product  began  to  separate  in  fine,  white  crystals.  The  crystal- 
line precipitate  was  filtered,  washed  well  with  cold  ether  to  re- 
move any  slight  excess  of  bromine,  and  dried  on  a  porous  plate. 
It  was  crystallized  from  ethyl  acetate  and  obtained  in  thick 
prisms,  melting  with  decomposition  at  139^  to  140".  It  can  not 
be  recrystallized  unchanged  from  ethyl  or  methyl  alcohol ;  when 
dissolved  in  either  of  these  solvents,  hydrogen  bromide  is  given 
off  and  crystalline  compounds  are  formed,  which  will  be  subse- 
quently described.  It  is  readily  soluble  in  acetic  ether  and  crys- 
tallizes from  it  without  evolution  of  hydrobromic  acid  ;  it  is  only 
sparingly  soluble  in  ether. 

It  was  analyzed  with  the  following  results  : 

I.  0.1807  gram  gave  0.3228  gram  carbon  dioxide  and  0.0567  gram  water. 

II.  0.1708  gram  gave  0.3024  gram  carbon  dioxide  and  0.0543  gram  water. 

III.  o.  1669  gram  gave  0.1566  gram  silver  bromide. 

« 

IV.  0.1825  gram  gave  o.  1738  gram  silver  bromide. 

Calculated  for  Pound. 

Ci«Hi40tBr,.  I.  II.  III.  IV. 

Carbon 48.24  48.72        48.28 

Hydrogen 3.52  3.49  3.53 

Bromine*   40.20  ...•  ....       39.93        40.52 


...  . . . • 


....  .... 
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The  Ethyl  Alcohol  Addition-product  of  a- Monobromoanisylidene 

/OCH,(i) 
Acetophenone,  C.H^  . — It  was 

\cHBr— CHCOCjH^)— CO— C^Hs  (4) 
noticed  that  when  the  preceding  compound  was  crystallized 
from  alcohol,  considerable  hydrogen  bromide  was  given  off 
and  the  resultant  compound  was  quite  di£ferent  from  the  origi- 
nal dibromide.  Fifty  grams  of  anisylidene  acetophenone  dibro- 
mide  were  crystallized  from  ethyl  alcohol  and  the  resulting  crys- 
tals were  repeatedly  recrystallized  until  they  showed  the  constant 
melting-point,  74°  to  75*".  It  is  deposited  from  alcohol  in  long, 
white  needles.  It  is  unaltered  by  crystallization  from  methyl 
alcohol  and  by  boiling  its  solution  in  methyl  alcohol  for  several 
hours.  It  was  dried  in  vacuo,  and  analyzed  with  the  following 
results : 

I.  o.  1832  gram  gave  0.4017  gram  carbon  dioxide  and  0.0877  gram  water. 
II.  o.  1822  gram  gave  0.3969  gram  carbon  dioxide  and  0.0872  gram  water. 

III.  o.  187 1  gram  gave  0.0970  gram  silver  bromide. 

IV.  0.1671  gram  gave  0.0870  gram  silver  bromide. 

Calculated  for    Calculated  for  Pound. 

C|6H„0,Br.        CisHigOsBr.         I.  II.  III.  IV. 

Carbon 60.56  59- 5^  59-8o        59.41  

Hydrogen...     4.10  5.23  5.32  5.32  — 

Bromine....   25.23'         22.04  ....  .•••         22.06       22.15 

The  analysis  indicated  that  the  compound  was  not  the  mono- 
bromoanisylidene acetophenone,  CjgHjjOjBr,  at  first  anticipated, 
but  that  it  was  the  ethyl  alcohol  addition-product  of  tbis  bro- 
mide. It  probably  results  from  anisylidene  acetophenone  dibro- 
mide according  to  the  following  equation  : 

/OCH, 

C.H,  +  C,H,OH  =  HBr  + 

\cHBr— CHBr— CO— C.H5 
^OCH, 

^•^*  or 

\CHBr— CH  (OCjHJ— CO— C,H, 

I. 

/OCH. 
C.H, 

\:H(0C,HJ— CHBr— CO-C,H, 

II. 
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For  the  reasons  suggested  in  the  introduction  we  prefer  for- 
mula I. 

The  substance  behaves  like  a  saturated  compound.  When  it 
is  dissolved  in  carbon  tetrachloride  it  absorbs  no  bromine ;  the 
first  drop  of  bromine  added  gives  it  a  permanent  red  color,  hy- 
drogen bromide  being  evolved,  and  when  one  molecular  propor- 
tion of  bromine  is  added  and  the  solvent  evaporated,  a  crystal- 
line substitution-product  results. 

The  following  experiment  also  indicates  that  it  is  an  alcohol 
addition-product  of  ^-monobromoanisylidene  acetophenone. 

Twenty-five  grams  of  the  substance  (m.  p.  74**)  were  heated 
in  a  distilling  flask.  It  melted  to  a  clear  liquid  which  gradually 
assumed  a  yellowish  color.  At  about  161''  bubbles  began  to 
form  and  rise  from  the  bottom  of  the  flask,  and  a  clear  liquid 
distilled  over.  The  temperature  was  further  increased  very 
slowly  to  175®,  when  the  distillation  was  interrupted.  Two  and 
one- half  grams  of  liquid  distillate  were  obtained  having  the  odor 
of  ethyl  alcohol,  and  boiling  at  77**  to  78** ;  it  yielded  iodoform 
on  treatment  with  iodine  and  potassium  hydroxide,  and  was 
thus  identified  as  alcohol.  The  yellow  oil  remaining  in  the  flask 
was  poured  into  a  beaker,  when  it  solidified  at  once,  and  was 
recrystallized  from  acetic  ether ;  it  separated  in  large  plates, 
melting  at  94.5°,  and  was  proved  to  be  a-bromoanisylidene  aceto- 
phenone. 

The  same  addition-product  results  on  boiling  the  dibromide 
with  alcohol  in  a  reflux  apparatus  for  several  hours.  Thus,  25 
grams  of  anisylidene  acetophenone  dibromide  were  boiled  with 
200  cc.  of  alcohol  on  the  water-bath  for  several  hours,  and  the 
contents  then  allowed  to  crystallize.  On  recrystallization  from 
alcohol,  the  product  separated  in  long,  white  needles,  which 
melted  at  73.5°  to  74.5*',  and  gave  the  following  on  analysis : 

I.   0.1963  gram  gave  0.1004  gram  silver  bromide. 
II.   0.1230  gram  gave  0.1187  gram  silver  bromide. 

Calculated  for  Pound. 

C)«Hi«OsBr.  I.  II. 

Bromine 22.04  21.76  21.95 

An  attempt  to  prepare  monobromoanisylidene  acetophenone 
by  boiling  an  alcoholic  solution  of  the  dibromide  with  a  molecu- 
lar proportion  of  potassium  acetate  resulted  in  the  formation  of 
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the  alcohol  addition-product.  Twenty-five  grams  of  anisylidene 
acetophenone  dibromide  were  dissolved  in  200  cc.  of  alcohol  and 
treated  with  an  alcoholic  solution  of  6.2  grams  of  potassium  ace- 
tate ;  after  boiling  for  three  hours,  the  resulting  potassium  bro- 
mide was  filtered  o&  at  once.  On  cooling,  a  compound  separated 
from  the  clear  filtrate  in  long,  white  needles ;  these  were  recrys- 
tallized  from  alcohol,  and  melted  at  73.5*  to  74. 5**.  Analysis 
showed  it  to  be  the  ethyl  alcohol  addition-product : 

I.  0.2055  gi'am  gftve  0.1076  gram  silver  bromide. 

II.  0.2008  gram  gave  0.1044  gram  silver  bromide. 

Calculated  for  Pound. 

Ci«H,«0«Br.  I.  II. 

Bromine 22.04  22.23  22.12 

The  Methyl  Alcohol  AdcUtion-product  of  a-Monobromoanisylidene 

/OCH,(i) 

Acetophenone^  C^H^ 

X^HBr— CH(OCH,)— CO— C,H,  (4)" 
It  was  to  be  expected  that  a  compound  analogous  to  the  prece- 
ding one  would  result  on  crystallizing  the  dibromide  from  methyl 
alcohol.     Accordingly,   20  grams  of  anisylidene  acetophenone 
dibromide  were  dissolved  in  hot  methyl  alcohol,  the  solution 
boiled  for  a  few  minutes  and  then  allowed  to  crystallize.    Hy- 
drobromic  acid  fumes  were  given  off  during  the  boiling  of  the 
solution  and  continuously  during  the  cooling.     The  resulting 
crystalline  compound  was  repeatedly  crystallized  from  methyl 
alcohol  and  obtained  in  the  form  of  small,  white  needles,  melting 
sharply  at  102"*.     The  compound  is  fairly  soluble  in  methyl  alco- 
hol, and  very  soluble  in  acetic  ether ;  it  is  also  readily  soluble  in 
ethyl  alcohol,  and  crystallizes  from  it,  without  change,  in  small 
needles,  melting  at  102°. 

Analyses  of  the  product  recrystallized  from   methyl  alcohol 
and  dried  in  vacuo  gave  the  following  : 

I.  o.  1819  gram  gave  0.3905  gram  carbon  dioxide  and  0.0800  gram  water. 

II.  o.  1818  gram  gave  0.3887  gram  carbon  dioxide  and  0.0800  gram  water. 

III.  0.2022  gram  gave  0.1073  gram  silver  bromide. 

IV.  0.1961  gram  gave  0.1048  gram  silver  bromide. 

Calculated  for  Pound. 

Ci7Hi70,Br.  I.  II.  III.  IV. 


•  ■  I 


Carbon 58.45  58.55        58.51  

Hydrogen 4.87  4.89  4.89  .... 

Bromine 2292  ....  ....         22.58        22.74 


. .  • 
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This  compound  is  the  methyl  alcohol  addition-product  ex- 
pected. In  attempting  to  distil  it  under  diminished  pressure,  it 
suffered  complete  decomposition.  When  25  grams  were  heated 
at  the  ordinary  pressure,  the  substance  melted  to  a  clear  liquid 
and,  on  raising  the  temperature  to  160**,  bubbles  began  to  rise ; 
from  167°  to  180°  a  small  quantity  of  a  clear  distillate  was  ob- 
tained, while  the  liquid  in  the  flask  had  assumed  a  yellowish 
color.  At  180*  the  heat  was  removed,  and,  on  cooling,  the  con- 
tents of  the  flask  solidified  at  once ;  this  solid  was  crystallized 
from  ethyl  acetate  and  obtained  in  large,  slightly  yellow-colored 
plates,  melting  at  94^,  thus  showing  it  to  be  a-monobromoanisyl- 
idene  acetophenone. 

Anisylidene  acetophenone  dibromide  dissolves  in  propyl  alco- 
hol with  evolution  of  hydrogen  bromide  ;  on  evaporation  of  the 
solvent,  a  colorless  oil  results,  but  it  was  not  examined. 

THE  ACTION  OF   ONE    MOLECUI^E   OF   SODIUM  METHYI.ATE  UPON 
ANISYWDENE  ACETOPHENONE  DIBROMIDE. 

a-Monobtomoanisylidene  Acetophenone y 

/0CH3(i) 

\cBr=CH— CO— C.Hj  (4) 

To  a  solution  of  sodium  methylate,  made  by  dissolving  1.5 
gramsof  sodium  in  125  cc.  of  methyl  alcohol,  was  added  25 
grams  of  the  dibromide.  The  dibromide  dissolved  at  once, 
forming  a  light  yellow  colored  solution.  After  boiling  for  ofae 
hour,  a  small  quantity  of  sodium  bromide  had  separated  and  the 
solution  was  no  longer  alkaline  to  litmus.  The  sodium  bromide 
was  separated  by  filtration  and  the  filtrate  allowed  to  evaporate 
slowly.  A  product  began  to  separate  in  large,  yellow  plates, 
and,  after  standing  for  some  time,  it  was  removed  and  the  moth- 
er-liquor allowed  to  evaporate  to  dryness,  when  a  second  product, 
more  soluble  in  alcohol  than  the  plates,  was  obtained.  The  yel- 
low plates  were  washed  with  water,  pressed  on  a  porous  plate, 
and  crystallized  from  acetic  ether.  The  resultiug  crystals  were 
again  rubbed  on  a  plate  to  remove  oily  impurities,  and  recrys- 
tallized  first  from  alcohol  and  then  acetic  ether.  The  pure  prod- 
uct separates  from  acetic  ether  in  large,  beautiful  plates,  which 
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are  nearly  colorless  and  melt  at  94.5°.     Its  composition  is  shown 
by  the  analysis : 

I.  0.1816  gram  gave  0.4001  gram  carbon  dioxide  and  0.0676  gram  water. 
II.  0.1873  F»ra<n  gave  0.4125  gram  carbon  dioxide  and  0.0680 gram  water. 

III.  0.1938  gram  gave  0.1161  gram  silver  bromide. 

IV.  o.  1898  gram  gave  o.  1 130  gram  silver  bromide. 

Calculated  for  Ponnd. 

Ci«HiaOsBr.  I.  II.  III.  IV. 

Carbon 60.56  60.09        60.06         

Hydrogen 4. 10  4. 13  4.03  -  •  •  •  •  -  -  • 

Bromine 25.23  ....         25.49        25.33 

This  compound  is,  therefore,  monobromoanisylidene  aceto- 
phenone,  and  apparently  constitutes  the  chief  product  of  this  re- 
action. 

The  second  product,  which  is  obtained  by  the  evaporation  to 
dryness  of  the  methyl  alcoholic  filtrate  as  above  mentioned,  was 
pressed  on  a  plate,  since  it  contained  some  oil.  It  was  then  dis- 
solved in  acetic  ether ;  plates  of  monobromoanisylidene  aceto- 
phenone  separated  at  first,  and  when  the  ether  had  nearly  all 
evaporated,  the  second  product  was  deposited  in  fine,  white 
needles.  A  complete  separation  of  the  two  compounds  was 
made  by  fractional  crystallization  from  acetic  ether  and  then 
alcohol.  The  second  product  was  purified  by  crystallization 
from  alcohol,  from  which  it  was  deposited  in  small,  white 
needles,  melting  at  101.5"  to  102.5*. 

Analysis  gave  the  following  : 

I.  o.  1805  gram  gave  0.3859  gram  carbon  dioxide  and  0.0800  gram  water. 
II.  o.  1808  gram  gave  0.3874  gram  carbon  dioxide  and  0.0825  gram  water. 

III.  0.2096  gram  gave  0.1114  gram  silver  bromide. 

IV.  o.  2068  gram  gave  o.  1 1  to  gram  silver  bromide. 

Calculated  for  Pound. 

CiTHjjOgBr.  I.  II.  III.  IV. 

Carbon 58.45  58.31        58.44 

Hydrogen 4.87  4.92  5.07 

Bromine 22.92  ....  ....         22.62        22.84 

This  substance  is,  therefore,  the  methyl  alcohol  addition- 
product  of «- monobromoanisylidene  acetophenone. 

The  of-monobromide  is  also  readily  formed  by  the  action  of 
one  molecule  of  sodium  ethylate  on  the  dibromide.  It  is,  how- 
ever, best  prepared  by  carefully  heating  the  ethyl  or  methyl  al- 
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coliol  addition-products  until  the  alcohol  is  removed,  as  was 
mentioned  in  the  consideration  of  these  compounds.  It  is  puri- 
fied by  crystallizing  from  alcohol  and  then  ethyl  acetate,  and 
forms  large,  well-defined  plates,  which  melt  at  94**.  Its  forma- 
tion by  the  decomposition  of  the  alcohol  addition-products  on 
beating  may  be  represented  as  follows : 

/OCH, 
C.H, 

\cHBr— CH  (OC,H,)  --CO— C,H, 

/OCH, 
C,H,  +  C,H,OH. 

\cBr=  CH— CO— CeH^ 

THK  ACTION  OF  TWO  MOI.ECUI.ES  OF  SODIUM  METHYLATE  UPON 
ANISYLIDENE  ACETOPHENONE  DIBROMIDE. 

Fifty  grams  of  the  dibromide  were  added  to  a  solution  of 
sodium  methylate,  made  by  the  action  of  7.5  grams  of  metallic 
sodium  on  150  cc.  of  methyl  alcohol.  After  heating  the  mixture 
for  a  short  time  on  the  water-bath,  a  reaction  took  place,  the 
liquid  became  dark  colored,  and  sodium  bromide  was  deposited ; 
the  mixture  was  boiled  for  about  one  hour.  On  completion  of 
the  reaction,  the  sodium  bromide  was  dissolved  by  adding  200 
cc.  of  water,  a  dark  colored  oil,  heavier  than  water,  being 
thrown  out.  Twenty  cc.  of  concentrated  hydrochloric  acid* 
were  introduced,  rendering  the  liquid  acid  and  changing  its 
color  from  brown  to  light  yellow ;  it  was  then  boiled  for  one- 
half  hour,  or  until  the  oil  was  completely  converted  into  a  light 
yellow  solid.  After  cooling,  this  was  filtered  off  and  the  filtrate 
allowed  to  stand  for  several  days,  when  another  compound  sepa- 
rated in  very  fine,  white  needles ;  this  will  be  described  in  a 
subsequent  part  of  this  paper.  The  solid  was  washed  well  with 
water,  dried,  and  crystallized  from  alcohol,  in  which  it  is  spar- 

1  In  other  experiments  it  was  determined  that  dilute  sulphuric  acid  and  even  acetic 
acid  also  affect  the  conversion  of  the  oil  into  the  solid,  giving  identically  the  same  prod- 
act  as  concentrated  hydrochloric  acid.  Carbon  dioxide,  however,  does  not  affect  this 
transformation. 

18-22 


Pound. 

I. 

n. 

74.86 

74.67 

5.65 

5.61 
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ingly  soluble ;    it  separated  in  fine,  white  crystals,  melting  at 
130**  to  I3I^ 
The  analysis  gave  the  following : 

I.  0.2003  g^am  gave  0.5498  gram  carbon  dioxide  and  0.1018  gram  water. 
II.  0.1 98 1  gram  gave  0.5424  gram  carbon  dioxide  and  0.1001  gram  water. 

Calculated  for 
C16H14O1. 

Carbon 75.59 

Hydrogen 5.51 

This  compound  was  first  obtained  by  G.  M.  Norman  and  was 
previously  described*  as  the  1,3-diketone,  anisoyl  benzoyl 
methane, 

/OCH.(i) 
CeH, 
\C0-CH,-C0-C.H,  (4) 

Its  alcoholip  solution  is  colored  a  deep  violet-red  with  ferric 
chloride,  and  it  is  soluble  in  the  hydroxides  of  potassium  and 
sodium.  Closer  investigation,  however,  leads  us  to  believe  that 
this  compound  consists  wholly,  or  at  least  for  the  most  part,  of 
the  unsaturated  ketone  alcohol,  ^-oxyanisylidene  acetophenone, 

/OCH3 
C.H, 
\C(0H)=CH— CO— C.H^. 

J.  Wislicenus'  obtained  a  mixture  of  «-oxybenzylidene  aceto- 
phenone and  dibenzoyl  methane  by  the  treatment  of  benzylidene 
acetophenone  dibromide  with  an  alcoholic  solution  of  potassinm 
hydroxide,  and  he  found  that  the  two  substances  could  be  read- 
ily and  completely  separated  b}*  the  action  of  an  alcoholic  solution 
of  copper  acetate ;  the  keto-enolic  modification  gave  an  insol- 
uble copper  salt,  while  the  other  remained  unchanged  in  the  al- 
coholic solution.  This  method  of  treatment  with  alcoholic  cop- 
per acetate  was  applied  to  the  above-mentioned  substance  (m.  p. 
130"  to  131°)  with  the  result  that  it  was  completely  converted 
into  a  copper  salt. 

^  Pond,  Maxwell,  and  Norman  :  This  Journal,  az,  966. 
3  J.  Wislicenua :  Ann.  Chem.  (I«iebigr)i  3o8,  241. 
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Capper  Salt  of  a-Oxyanisylidene  Acetopkenone^ 

/OCH3(i) 

\c=CH— CO— C,H,  (4) 

O 

\ 

Cu 

/ 

o 

/ 

^C=CH-CO-C.H,  (4) 

^OCH,(i) 

The  substance  is  formed  when  an  alcoholic  solution  of  the 
preceding  compound  is  treated  with  alcoholic  copper  acetate. 
An  alcoholic  solution  of  3  grams  of  copper  acetate  is  added 
slowly  and  with  vigorous  agitation  to  the  hot,  alcoholic  solution 
of  5  grams  of  the  above  compound  (m.  p.  130**  to  131"*).  A 
fine,  green  precipitate  of  the  copper  salt  separates  almost  imme- 
diately. The  liquid  above  the  precipitate  remains  colorless  or 
slightly  yellow  until  an  excess  of  copper  acetate  is  added,  when 
it  becomes  green.  It  is  essential  that  the  liquid  be  kept  near  the 
boiling-point  during  the  operation,  otherwise  the  original  com- 
pound separates.  The  precipitate  is  filtered  and  washed  with 
alcohol  until  no  trace  of  copper  acetate  is  observed  ;  it  is  further 
washed  with  water,  then  alcohol,  and  finally  ether.  It  is  insol- 
uble in  water,  alcohol,  ether,  and  carbon  disulphide  ;  very  spar- 
ingly soluble  in  chloroform  and  benzene,  and  separates  from  the 
latter  solvent  in  exceedingly  small  needles. 

When  the  precipitated  substance  is  purified  by  repeated  wash- 
ing with  water,  alcohol,  and  ether,  it  melts  with  decomposition 
at  247°  to  249®.  The  analysis  of  such  a  preparation  yielded  the 
following  figures : 

I.  0.1984  gram  gave  0.4868  gram  carbon  dioxide,  0.0832  gram  water, 
and  0.0282  gram  copper  oxide. 

II.  0.2386  gram  gave  0.5850  gram  carbon  dioxide,  0.0955  gram  water, 
and  0.0334  gram  copper  oxide. 
III.  0.1825  gram  gave  0.0257  gram  copper  oxide. 
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Calculated  for  Found. 

C|sH,eOeCu.  I.  II.  UI. 

Carbon 67.41  66.92        66.86         

Hydrogen ' 4.56  4.66  4.45  

Copper i-   II. j6  11.36        11. 18        11.25 

The  formation  of  this  copper  salt  is,  therefore,  represented  by 
the  following  equation : 

Cu(C,H,0,),  +  2C„H,A  =  Cu(C,.H„0,),  +  2CH,COOH. 

It  consists  of  small,  light  green  needles.  It  burns  with  a  very 
smoky  flame,  leaving  a  residue  of  cupric  oxide.  Hot,  dilute 
sulphuric  acid  decomposes  it  only  very  slowly,  while  hot,  dilute 
hydrochloric  acid  readily  converts  it  into  cupric  chloride  and  a- 
oxyanisylidene  acetophenone ;  this  reaction  forms  an  exceUent 
method  of  obtaining  the  latter  compoun4  in  a  pure  condition. 

The  alcohol  was  distilled  off  from  the  combined  green  filtrate 
of  the  copper  salt  and  the  wash  alcohol,  and  the  residue  ex- 
tracted with  ether.  The  excess  of  copper  acetate  was  filtered, 
the  ethereal  solution  dried,  and  the  ether  evaporated  in  a  vacuum 
over  calcium  chloride.  The  residue  consisted  of  a  small  amount 
of  a  dark,  thick  oil,  which  did  not  solidify  after  standing  for  two 
months,  and  decomposed  on  distillation  under  diminished  pres- 
sure.    No  definite  compound  could  be  obtained  from  it. 

a- Oxyanisylidene  Acetophenone, 

^OCH,(i) 

C«H, 

.  '^C(OH)=CH— CO— C,H,  (4) 
This  compound  was  easily  regenerated  by  boiling  the  copper 
salt  for  a  short  time  with  hydrochloric  acid  (i  :  3),  and  cr>'stal- 
lizing  the  product  from  alcohol.  It  separates  in  small,  yellowish 
white  needles,  melting  at  130**  to  131°,  and  boils  at  284**  to  286* 
under  44  mm.  pressure,  the  distillate  solidifying  at  once  to  an 
almost  white,  crystalline  mass.  The  substance,  purified  by  dis- 
tillation and  subsequent  crystallization  from  alcohol,  gave  the 
following  results  on  analysis  : 

I.  0.3009  gram  gave  0.8309  gram  carbon  dioxide  and  0.1501  gram  water. 
II.  0.2516  gram  gave  0.6959  gram  carbon  dioxide  and  0.1268  gram  water. 

Calculated  for  Found. 

Ci«H,40|.  I.  n. 

Carbon 75.59  75.31  75.43 

Hydrogen    5.51  5.54  5.60 
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It  decomposes  on  distillation  under  atmospheric  pressure.  It 
is  almost  insoluble  in  cold  alcohol,  soluble  in  hot  alcohol.  It  is 
easily  soluble  in  chloroform,  benzene,  ethyl  acetate,  and  carbon 
disulphide.  Its  alcoholic  solution  is  colored  a  deep  violet-red  by 
ferric  chloride,  while  ferric  acetate  precipitates  the  neutral  iron 
salt  of  the  keto-enole  as  a  brick-red,  crystalline  substance,  insol- 
uble in  alcohol  and  water.  It  readily  forms  the  copper  salt 
when  treated  with  copper  acetate  and  alcohol.  Dilute  nitric 
acid  oxidizes  it,  forming  a  mixture  of  acids,  probably  benzoic 
and  anisic.  It  dissolves  in  sodium  and  potassium  hydroxide 
solutions  and  is  reprecipitated  with  acids,  melting  at  129"*  to  130*. 
When  the  solution  of  the  alkali  is  fairly  concentrated  and  hot, 
the  compound  suffers  decomposition  into  anisic  acid,  melting  at 
182®  to  183*,  and  a  ketone  having  an  odor  similar  to  that  of 
acetophenone. 

The  Compound,  CigHj^O^. — The  filtrate  obtained  in  the  prepara- 
tion of  the  crude  a-oxyanisylidene  acetophenone  by  the  action 
of  two  molecules  of  sodium  methylate  upon  anisylidene  aceto- 
phenone dibromide  was  allowed  to  stand ;  after  twenty-four 
hours,  a  white,  silky,  crystalline  substance  separated.  After 
two  weeks,  when  no  further  separation  of  crystals  was  observed, 
it  was  filtered,  pressed  carefully  on  a  plate  to  remove  oily  im- 
purities and  repeatedly  crystallized  from  alcohol.  It  is  exceed- 
ingly soluble  in  alcohol,  and  it  was  found  best  in  crystallizing 
to  make  a  concentrated  solution  and  then  to  place  the  dish  in  a 
freezing- mixture,  when  the  compound  is  deposited  in  very  fine, 
silky  needles,  melting  at  90"".  Its  alcoholic  solution  is  neither 
colored  by  ferric  chloride  nor  precipitated  by  copper  acetate. 
Its  solution  in  benzene  removes  the  color  of  a  permanganate  solu- 
tion very  slowly. 

This  substance  is  formed  in  an  extremely  small  quantity. 
The  analysis  gave  values  required  for  C,,H„0^. 

I.  0.1573  gram  gave  0.4082  gram  carbon  dioxide  and  0.0865  gram  water. 

II.  0.1441  gram  gave  0.3736  gram  carbon  dioxide  and  0.0794  gram  water. 

Calculated  for  Found. 

CieH,c04.  I.  II. 

Carbon 70-59  70-77  70.70 

Hydrogen 5.88  6.1 1  6.12 

When  one  gram  of  the  compound  was  boiled  with  an  excess 
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of  acetic  anhydride  for  two  hours,  and  the  product  poured  into 
cold  water,  a  thick,  yellow  oil  separated.  We  were  unable  to 
isolate  a  definite  compound  from  the  oil. 

Until  a  method  of  preparation  is  discovered  by  which  a  larger 
yield  of  this  compound  may  be  obtained,  no  satisfactory  conclu- 
sions can  be  arrived  at  regarding  its  constitution.  The  anal- 
ysis indicates  the  formula,  C^Ji^fi^,  and  from  its  method  of  for- 
mation it  is  possible  that  the  compound  may  prove  to  be  the 
ketone  glycol, 

^OCH, 

\CH(0H)— CH(OH)— CO— C^H, 
Owing  to  the  want  of  material  and  limited  time,  the  investiga- 
tion of  this  substance  was  interrupted ;  the  study  of  it  will,  how- 
ever, be  continued  during  the  year. 

THE  ACTION  OF  SODIUM  ETHYLATE   UPON  ANISVI.IDBNB  ACKTO- 

PHENONB  DIBROMIDE. 

The  following  experiments  indicate  that  the  product  of  the 
action  of  two  molecules  of  sodium  ethylate  or  methylate  on  the 
dibromide  consists  of  the  ethyl  or  methyl  ether  of  a-oxyanisyli- 
dene  acetophenone,  which,  on  the  addition  of  hydrochloric,  snl- 
phuric,  or  acetic  acid,  is  converted  into  the  corresponding  alco- 
hol and  a-oxyanisylidene  acetophenone. 

Twenty-five  grams  of  the  dibromide  were  added  to  a  slight  ex- 
cess over  two  molecules  of  sodium  ethylate  (4  grams  of  sodium 
in  100  cc.  of  ethyl  alcohol),  and  heated  for  about  two  hours  on 
the  water-bath.  All  of  the  alcohol  was  then  distilled  off,  water 
was  added,  and  the  solution  rendered  neutral  to  litmus  by  a  few 
drops  of  acetic  acid ;  the  heavy  oil,  which  separated,  was  taken 
up  with  ether,  the  ethereal  solution  washed  repeatedly  with 
water,  dried  with  anhydrous  sodium  sulphate,  and  the  ether  dis- 
tilled off.     The  residue  consisted  of  a  light  red  colored  oil. 

On  standing,  this  oil  is  changed,  crystals  being  gradually  de- 
posited, and,  in  the  course  of  two  or  three  weeks,  a  large  part  of 
the  oil  is  converted  into  a  crystalline  mass.  This  change  is  ac- 
celerated by  the  addition  of  acids,  and,  indeed,  strong  hydro- 
chloric acid  causes  the  conversion  to  take  place  in  a  few  seconds, 
dilute  sulphuric  and  acetic  acids  reacting  more  slowly.    The 
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solid  is  identified  in  each  case  as  ^-oxyanisylidene  acetophenone. 

This  transformation  of  the  oil  into  a  solid  is  caused  by  the  oil 
being  readily  hydrolyzed  by  the  acids  with  the  splitting  off  of 
alcohol  and  the  formation  of  ^-oxyanisylidene  acetophenone,  as 
is  shown  by  the  following :  About  15  grams  oi  freshly  pre- 
pared oil  were  treated  in  the  cold  with  10  cc.  of  dilute  hydro- 
chloric acid  ( I  part  acid  to  i  of  water)  ;  the  oil  solidified  almost 
immediately,  with  a  great  evolution  of  heat.  Twenty-five  cc.  of 
water  were  added,  the  solid  was  filtered,  and  the  presence  of 
ethyl  alcohol  in  the  filtrate  was  easily  and  distinctly  recognized 
by  the  iodoform  test.  The  solid  crystallized  from  alcohol  and 
melted  at  128.5'*;  it  gave  the  reaction  with  ferric  chloride  and 
copper  acetate,  and  was  identified  as  a-oxyanisylidene  aceto- 
phenone. 

The  elimination  of  alcohol  and  the  production  of  this  solid  in- 
dicates, without  doubt,  that  the  substance  obtained  by  the  action 
of  two  molecules  of  sodium  ethylate  on  the  dibromide  contains 
an  ethoxyl  group,  and  we  regard  it  as  the  ethyl  ether  of  a-oxyan- 

^OCH,(i) 
fsylidene  acetophenone,  C,H^ 

\:(OC,H,)=CH-CO-C.H,  (4) 

When  the  dibromide  is  treated  with  2  molecules  of  sodium 
methylate,  in  the  same  manner  as  above,  an  oil  is  obtained 
which  remains  unchanged  for  several  weeks  when  kept  in  a 
tightly  closed  flask.  On  standing  in  an  open  flask,  it  is  very 
gradually  converted  into  a  crystalline'  solid.  When  the  oil  is 
acted  upon  by  dilute  hydrochloric  acid  in  the  cold,  it  is  quickly 
changed  into  a  solid,  with  considerable  elevation  of  the  tempera- 
ture. The  solid  is  brittle  and  slightly  yellow  in  color ;  it  crys- 
tallizes from  alcohol  in  small  needles,  melting  at  129'',  and  is  or- 
oxyanisylidene  acetophenone.  Although  the  oil  could  not  be 
secured  in  a  suitable  condition  for  the  analysis,  it  is  exceedingly 
probable  that  the  substance  is  to  be  regarded  as  the  methyl  ether 
of  a-oxyanisylidene  acetophenone , 

/OCH.(i) 

C.H, 

\C(0CH,)=CH— CO— C,H, 
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The  reaction  of  2  molecules  of  sodium  alcoholate  upon  anis- 
ylidene  acetophenone  dibromide  appears  to  consist  in  first  split- 
ting off  I  molecule  of  hydrobromic  acid  with  the  formation  of 
the  unsaturated  compound,  a-bromoanisylidene  acetophenone, 
and  then  in  replacing  the  bromine  atom  in  this  compound  with 
methoxyl  or  ethoxyl.  The  resulting  unsaturated  ether  is  readily 
hydrolyzed  by  acids  with  the  production  of  a-oxyanisylidene 
acetophenone. 

THE  ACTION  OF  SODIUM   METHYLATE  ON   THE  ADDITION-PROD- 
UCT   OF    a-MONOBROMOANISYLIDENE    ACETO- 
PHENONE AND  ETHYL  ALCOHOL. 

Twenty-five  grams  of  the  addition-product  were  treated  in  the 
usual  manner  with  i  molecule  of  sodium  methylate  (2  grams 
of  sodium  in  100  cc.  of  methyl  alcohol).  On  the  completion  of 
the  reaction,  150  cc.  of  water  were  introduced,  a  dark  colored 
oil  being  thrown  out ;  hydrochloric  acid  was  added  until  the 
liquid  gave  an  acid  reaction,  and  the  mixture  heated  on  the 
water-bath  for  a  short  time.  The  oil  was  rapidly  converted  into 
a  solid,  which  was  filtered  and  crystallized  from  alcohol;  it 
melted  at  129°,  gave  the  color  reaction  with  ferric  chloride  and 
alcohol,  and  a  green  precipitate  with  alcoholic  copper  acetate. 
It  is  flf-oxyanisylidene  acetophenone. 

After  standing  during  twenty-four  hours,  a  small  quantity  of 
the  compound,  C,gHig04,  was  deposited  in  long,  slender  needles 
from  the  filtrate  obtained  above ;  it  melted  at  89°. 

THE  ACTION  OF  SODIUM  METHYLATE  OU  a-MONOBROMOANISYLI- 

DENE  ACETOPHENONE. 

Fifteen  grams  of  the  monobromide  were  added  to  a  solution  of 
I  molecule  of  methylate  in  methyl  alcohol  ( i  gram  of  sodium 
in  75  cc.  of  methyl  alcohol).  After  boiling  for  half  an  hour,  the 
resultant  sodium  bromide  was  dissolved  by  the  addition  of  water, 
the  solution  rendered  strongly  acid  with  acetic  acid  and  heated 
for  thirty  minutes.  On  cooling,  a  crystalline  substance  separated, 
was  filtered,  and  recrystallized  from  alcohol.  It  melts  at  129.5*, 
reacts  with  ferric  chloride  and  copper  acetate,  and  is  a-oxyanis- 
ylidene  acetophenone.  The  yield  of  the  enolic  ketone  was  very 
good.  A  small  quantity  of  the  compound,  C^H^O^,  melting  at 
89**,  was  deposited  from  the  filtrate. 
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oC'Oxyantsylidene  Acetophenone  and  Acetic   Anhydride, — Ten 
j^rams  of  a-oxyanisylidene  acetophenone  were  boiled  with    25 
grams  of    acetic    anhydride  for  eight  hours,  and  the   mixture 
then  allowed  to  stand  for  forty-eight  hours.     On  pouring  the 
product  into  ice-water,  a  red  oil,  heavier  than  water,  was  pro- 
duced ;  this  was  separated,  washed  with  water,  and  allowed  to 
stand.     Since  it  did  not  become  solid,  it  was  taken  up  in  alcohol, 
from  which  a  substance  crystallized  in  yellowish  white  needles 
similar  to  the  original  compound.     It  melted  at  130*"  to  131'', 
reacted  with  ferric  chloride  and  copper  acetate,  and  appeared  to 
be    unchanged   «-oxyanisylidene   acetophenone.      The   acetate 
could  not  be  isolated. 

No  better  success  was  attained  on  treatment  with  T>enzoyl 
chloride,  as  in  every  case  the  unchanged  material  was  obtained. 

ACTION  OF  HYDROXYLAMINE   HYDROCHI^ORIDE   UPON  a-OXYAN- 

ISYLIDENE  ACETOPHENONE. 

aY'Methoxyphenyl'Phenyl'isoxazole^ 

^OCH,(i) 


\c=CH-C— C«Ha4)^ 


O N 

Five  grams  of  ar-oxyanisylidene  acetophenone  were  dissolved  in 
just  enough  hot  alcohol  to  effect  a  solution  in  a  small  flask 
with  reflux  apparatus;  4  grams  (3  molecules)  of  hydroxyl- 
amine  hydrochloride  were  added,  and  the  mixture  was  boiled 
gently  during  four  hours.  On  cooling,  a  substance  crystallized 
in  beautiful,  white  crystals,  resembling  somewhat  those  of  sul- 
phocarbanilide.  It  was  filtered,  washed  with  water,  dried,  and 
crystallized  from  alcohol ;  it  separated  from  this  solvent  in  color- 
less, shining  leaflets,  which  melted  sharply  at  119°  to  120**.  The 
following  numbers  were  obtained  upon  analysis  : 

I.  0.1502  gram  gave  0.4199  gram  carbon  dioxide  and  0.0722  gram  water. 
II-  0.1935  gram  gave  0.5422  gram  carbon  dioxide  and  0.0914  gram  water. 

III.  0.7050  gram  gave  39.2  cc.  nitrogen  at  23^  and  726  mm. 

IV.  0.6945  gram  gave  39.4  cc.  nitrogen  at  24*^  and  726  mm. 
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Calculated  for  Pound. 

Ci«Hi«0,N.  I.  U.  ni.  IV. 

Carbon 76.49  76.24       76.42         — 

Hydrogen 5.18  5.34  5.25         

Nitrogen 5.57  • .  • .  ....  5.97  6.06 

This  compound  is  insoluble  in  water,  alkali  solutions,  and  dilute 
acids,  difficultly  soluble  in  cold  alcohol,  more  readily  soluble  in 
hot  alcohol  and  carbon  disulphide,  and  very  easily  soluble  in 
chloroform,  ether,  benzene,  and  ethyl  acetate.  Ferric  chloride 
and  copper  acetate  do  not  react  with  its  alcoholic  solution.  It 
appears  to  be  a  very  stable  substance.  It  remains  unaltered  by 
boiling  with  a  solution  of  potassium  hydroxide.  Concentrated 
hydrochloric  acid  dissolves  it  very  sparingly,  but  is  without  fur- 
ther action  upon  it. 

It  is,  without  doubt,  an  isoxazole  derivative,  and  results  from 
the  reaction  of  hydroxylamine  upon  ^-oxyanisylidene  aceto- 
phenone  according  to  the  equation, 

yOCH,  yOCH, 

\c— OH  N:— o 

II  +NH,OH=2H,0+  II 

CH  CH 


CeH,— CO  C,H,— C=N 

It  is  probably  analogous  to  the  isoxazoles  obtained  by  Claisen* 
by  the  action  of  hydroxylamine  on  the  1,3-diketoues.  J.  Wis- 
licenus'  also  obtained  ory-diphenyl-isoxazole,  melting  at  140.5*^ 
to  141*,  by  the  action  of  hydroxylamine  hydrochloride  on  a- 
oxybenzylidene  acetophenone.  Goldschmidt'  had  previously 
produced  a  diphenyl- isoxazole,  melting  at  141*,  by  the  reaction 
of  an  excess  of  sodium  hydroxide  on  the  mixed,  warm,  alcoholic 

« 

solutions  of  benzylidene  acetophenone  dichloride  and  hydroxyl- 
amine hydrochloride. 

It  was,  therefore,  of  interest  to  determinew  hether  the  isoxaz- 
ole above  described  or  an  isomeric  compound  would  be  formed 
by  the  treatment  of  anisylidene  acetophenone  dibromide  with 

1  L.  Claisen  :  B^r.  d.  chtm.  Ges.,  34,  3006. 

>  J.  Wislicenus  :  Ann.  Chem.  (Liebig),  308,  349. 

*  Goldschmidt :  Ber.  d.  chem.  Ges.^  a8,  3540. 
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bydroxylamine  hydrochloride  and  an  excess  of  potassium  hy- 
droxide. 

Isomeric  Methoxyphenyl-phenyl-isoxazole,  Ci,H„0,N. — Twenty 
g^rams  of  anisylidene  acetophenone  dibromide  are  dissolved  in 
200  cc.  of  alcohol ;  to  this  is  added  a  solution  of  7  grams  (2 
molecules)  of  hydroxylamine  hydrochloride  in  10  cc.  of  water, 
and  the  mixture  is  heated  to  the  boiling-point ;  17  grams  of 
potassium  hydroxide  in  20  cc.  of  water  are  then  added  very 
gradually,  and  with  constant  shaking,  to  the  hot  solution.  A 
very  vigorous  reaction  takes  place  with  elimination  of  potassium 
salts,  the  solution  assuming  a  yellowish  red  color.  After  stand- 
ing for  about  ten  minutes,  the  inorganic  salts  are  filtered  o£f,  and 
on  cooling  the  filtrate,  a  product  separates  in  very  fine,  white 
needles.  These  are  filtered,  washed  well  with  water,  dried,  and 
recrystallized  from  alcohol.  It  is  deposited  in  very  slender, 
silky  needles,  which  melt  at  127**  to  128*. 

The  yield  is  further  increased  by  precipitating  the  first  alco- 
holic filtrate  with  water. 

The  analysis  gave  the  following  results  : 

I.  0.1887  gram  gave  0.5282  gram  carbon  dioxide  and  0.0894  gram  water. 
II.  0.1693  gram  gave  0.4737  gram  carbon  dioxide  and  0.0837  gram  water. 
III.  0.6972  gram  gave  39.2  cc.  nitrogen  at  25°  and  728  mm. 

Calculated  for  Pound. 

CieHitOtN.  I.  II.  III. 

Carbon 76.49  76.34        76.31  .... 

Hydrogen 5.18  5.26         5.49         

Nitrogen r 5.57  ....  ....  6.00 

This  compound  is  soluble  in  alcohol,  ether,  carbon  disulphide, 
and  readily  soluble  in  chloroform,  benzene,  and  acetic  ether.  It 
dissolves,  to  a  slight  extent,  in  hot,  concentrated  hydrochloric 
acid,  and  is  reprecipitated  on  the  addition  of  water;  cold,  con- 
centrated sulphuric  acid  dissolves  it  quite  easily  with  almost  no 
development  of  color,  and  when  the  solution  is  poured  into 
wator,  the  substance  is  thrown  out  apparently  unaltered.  Boil- 
ing potassium  hydroxide  solution  is  without  action  on  the  sub- 
stance, and  ferric  chloride  gives  no  coloration  with  its  alcoholic 
solution,  and  copper  acetate  no  precipitate. 

This  compound,  melting  at  127°  to  128°,  is  probably  isomeric 
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with  the  preceding  isoxazole,  melting  at  119**  to  120**,  althongh 
its  constitution  is  not  yet  definitely  determined/ 


Anisoyl  Benzoyl  Monohromomethaney 

/OCH,(i) 

X:0— CHBr— CO— C.H^  (4) 

When  flf-oxyanisylidene  acetophenone  is  dissolved  in  ether  or 
chloroform  and  treated  with  one  molecular  proportion  of  bromine, 
hydrobromic  acid  is  given  off  with  gradual  decoloration.  On 
the  evaporation  of  the  solvent,  a  crystalline  residue  is  obtained. 
which  separates  from'  alcohol  in  brilliant,  white  crystals,  melting 
at  I28^ 

The  analysis  gave  results  corresponding  to  the  formula, 
CuHjjOjBr. 

I.  0.1784  gram  gave  0.3790  gram  carbon  dioxide  and  0.0655  g^^iii  water. 

II.  o.  1792  gram  gave  0.3787  gram  carbon  dioxide  and  0.0643  gram  water. 

III.  0.2062  g^am  gave  0.1158  gram  silver  bromide. 

IV.  0.2060  gram  gave  o.  1 166  gram  silver  bromide. 

Calculated  for  Pound. 

CieHnO.Br.  I.  II.  III.  IV. 

Carbon 57.66  57-94        57-64  — 

Hydrogen 3.90  4.08  3.99  ....  .... 

Bromine 24.02  ....  ....         23.89        24.08 

It  is  soluble  in  alcohol,  carbon  disulphide,  and  ether;  readily 
soluble  in  chloroform,  benzene,  and  acetic  ether. 

Its  alcoholic  solution  is  not  colored  by  ferric  chloride,  and 
gives  no  precipitate  with  copper  acetate.  It  is  probable,  there- 
fore, that  the  compound  contains  no  hydroxyl  group,  and  it  may 

1  In  an  investigration  which  is  being  carried  on  in  this  laboratory,  Mr.  H.  J.  York  has 
obtained  the  a^-diphenyl-isoxazole  described  by  J.  Wislicenos  (Ann.  Ckem.  (Licbif ), 
308,  249}  by  the  treatment  of  a-oxybenzylidene  acetophenone  (resulting  by  the  actioa  of 
two  molecules  of  sodium  alcoholate  upon  benzylidene  acetophenone  dibromide  and  sab- 
sequent  hydrolysis  of  the  unsaturated  ether  with  hydrochloric  or  acetic  acid)  with  fay- 
droxylamine  hydrochloride.  It  crystallizes  from  hot  alcohol  in  thick,  colorless  tablets, 
and  melts  at  141*  to  14a*.  On  treating  benzylidene  acetophenone  dibromide  in  alcoholic 
solution  with  hydroxylamine  hydrochloride  and  an  excess  of  potassium  hydro^deina 
manner  similar  to  the  above,  a  compound  resulted  which  was  deposited  from  alcohol  in 
thin,  lustrous  leaflets  ;  these  melted  sharply  at  140*.  This  compound  contains  nitrogen 
and  is  apparently  identical  with  the  substance  described  by  Goldschmidt  {Ber.  d.  chem. 
Ges.,  18,  2540)  as  diphenyl-isoxazole.  Although  at  the  present  time  it  is  not  proved  Unt 
these  two  isoxazoles  are  different,  the  indications  are  that  they  are  isomeric  and  not 
identical,  and  that  they  are  analogous  to  the  isoxazoles  obtained  from  a-oz3^nisylideoe 
acetophenone  and  from  anisylidene  acetophenone  dibromide. 


ESTIMATION   OF   COPPER.  685 

be  regarded  as  a  bromine  derivative  of  the  neutral  or  /5-modifica- 
tion  of  the  diketone,  anisoyl  benzoyl  methane. 

We  expect  to  continue  this  work  in  various  directions,  and  to 
extend  the  investigations  to  other  analogously  constituted  com- 
pounds. 


A  NEW  VOLUHETRIC   METHOD    FOR   THE    ESTIMATION 

OF  COPPER. 

By  S.  W.  Parr. 

Receired  August  13,  1900. 

EXPERIMENTS  looking  to  the  use  of  the  thiocyanates  in 
volumetric  processes  have  been  carried  on  in  this  labora- 
tory for  over  two  years  past.  While  the  results  obtained  are  in 
many  ways  very  satisfactory,  it  is  intended  here  to  make  note  of 
one  application,  which  gives  results  of  great  practical  value. 

The  iodine  and  cyanide  methods  for  the  estimation  of  copper 
are  far  from  satisfactory.  Two  methods,  recently  proposed  in 
this  Journal/  making  use  of  the  precipitation  of  copper  as 
cuprous  thiocyanate,  mark  a  decided  advance  in  methods.  It  is 
believed  that  the  process  here  outlined  has  further  points  of 
advantage.  It  involves  the  precipitation  of  the  copper  as  cu- 
prous thiocyanate,  the  oxidation  of  the  copper  without  decompo- 
sition of  the  alkali  thiocyanate  and  the  titration  of  the  acidi- 
fied thiocyanate  with  standard  permanganate.  In  practice  the 
two  latter  steps  are  one  operation,  but  one  filtration  is  necessary 
and  for  most  ores  thirty  to  forty  minutes  are  ample  for  a  deter- 
mination from  the  time  of  weighing  thcT  sample  to  the  time  of 
the  final  titration. 

Some  attention  must  be  given  to  the  condition  of  the  solution 
before  precipitating  the  copper  as  cuprous  thiocyanate.  If 
the  solution  contains  free  sulphuric  acid  it  should  not  exceed  i 
or  2  per  cent,  in  amount.  Stronger  solutions  on  heating  with 
thiocyanate  have  a  tendency  to  liberate  free  sulphur  which 
remains  with  the  precipitate  and  in  the  final  reading  gives  vari- 
able results.  The  same  thing  is  true  regarding  hydrochloric 
acid.  With  nitric  acid  no  free  sulphur  is  liberated.  Here,  how- 
ever, an  excess  of  acid  prevents  the  reduction  and  complete  pre- 

1  This  Joamal,  19,  940  (1899)  and  so,  610  (1900). 
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cipitation  of  the  copper,  so  that  in  any  case  an  amount  of  free 
acid  in  excess  of  i  or  2  per  cent,  is  to  be  avoided.  Since  the 
greatest  safety  seems  to  reside  with  the  nitric  acid  it  is  preferred. 
This  is  an  advantage  also  for  in  the  initial  treatment  of  mattes, 
ores,  etc.,  it  avoids  the  necessity  of  evaporating  the  solution  to 
sulphuric  acid  fumes  for  the  removal  of  the  nitric  acid.  Further 
it  may  be  noted  that  a  small  amount  of  sulphuric  acid,  resulting 
from  the  action  of  strong  nitric  acid  or  otherwise  present,  docs 
not  interfere  with  the  precipitation.  The  reduction  of  the 
copper  is  best  effected  by  a  strong  solution  of  sulphur  dioxide, 
a  few  cc.  being  added  from  time  to  time.  A  10  per  cent,  solu- 
tion of  sodium  sulphite  may  be  similarly  used  but  it  is  better 
not  to  add  acid  to  such  a  solution  to  liberate  the  sulphurous 
acid  but  allow  it  to  be  liberated  by  the  free  acid  of  the  copper 
solution.  The  next  point  to  be  observed  is  the  addition  of  the 
alkaline  thiocyanate.  The  precipitated  cuprous  thiocyanate  is 
very  appreciably  soluble  in  an  excess  of  this  reagent.  Two  cc. 
of  a  10  per  cent,  solution  of  potassium  thiocyanate  will  precipi- 
tate several  times  the  amount  of  copper  that  could  be  conve- 
niently handled  in  the  subsequent  titration;  hence,  that  amount  of 
reagent  is  sufficient  to  use,  and  at  the  same  time  there  is  no  danger 
of  re-solution  of  the  precipitate.  This  reagent  may  be  added 
with  the  reducing  agent,  before  or  after  it,  seemingly  without 
preference.  Heating  on  a  water-bath  or  hot  plate  with  stirring 
should  be  continued  till  the  separation  of  the  precipitate  is  com- 
plete and  the  supernatant  liquid  becomes  perfectly  clear.  This 
requires  from  five  to  ten  jninutes. 

The  filtration  is  best  made  on  a  thick  asbestos  felt  well  packed 
in  a  i^-inch  porcelain  filter  funnel  using  a  pump.  A  felt 
\  inch  or  more  thick  should  be  used.  The  washing  which 
should  be  made  with  hot  water  is  complete  when  the  filtrate, 
upon  acidifying,  will  not  decolorize  a  drop  of  permanganate. 
Special  care  should  be  taken  that  none  of  the  precipitate  passes 
through  with  the  filtrate.  The  filter  with  the  asbestos-pulp  is 
returned  to  the  beaker,  2  or  3  cc.  of  caustic  soda  (10  per  cent.) 
solution  are  added,  well  stirred  and  warmed  to  60"*  or  70**.  The 
mixture  after  a  few  minutes  is  ready  for  titrating  with  the  stand- 
ard permanganate,  the  object  being  first  to  add  to  the  alkaline 
mixture  the  amount  of  permanganate  needed  to  oxidize  the 
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cuprous  hydroxide  formed  from  the  addition  of  the  alkali,  then  to 
acidify  and  proceed  with  the  rest  of  the  titration  to  oxidize  the 
tbiocyanic  acid.  The  first  part  of  the  reaction,  that  which  takes 
place  in  the  alkaline  condition,  is  confined  to  the  copper  so  long 
as  any  cuprous  hydroxide  remains.  The  following  equation 
represents  the  change  taking  place : 
8CuOH  +  KjMn.Og  +  8H,0 

=  2KOH  +  8Cu(OH),  +  Mn,(OH). 
Now  it  is  not  necessary  that  at  the  exact  end  of  this  reaction 
on  the  copper  the  change  should  be  made  to  the  acid  condition, 
but  it  is  necessary  that  this  point  be  fully  passed  in  order  that 
upon  acidifying  there  may  not  be  reprecipitated  some  cuprous 
thiocyanate.  Fortunately  it  is  easy  to  tell  when  this  point  has 
been  passed,  and  in  this  way,  when  the  copper  has  been  all 
oxidized  there  begins  a  reaction  between  the  alkaline  thio- 
cyanate and  the  permanganate  which  results  in  the  formation  of 
the  green  manganate  thus : 

4K,Mn,08+  NaCNS  +  loNaOH  = 

4K,MnO,  +  4Na,MnO,  +  NaCNO  +  Na,SO,  +  5H,0. 

It  will  be  seen,  therefore,  that  the  bright  yellow  of  the  cu- 
prous hydroxide  becomes  more  and  more  mixed  with  the  dark 
brown  of  the  Mn,(OH)g  and  soon  fails  to  give  any  yellow  tint 
whatever ;  further  addition  of  permanganate  produces  a  decided 
green  tint  to  the  liquid  part  of  the  mixture.  If  after  a  minute 
or  two  this  remains  permanent  it  may  be  known  that  all  the 
copper  has  been  oxidized. 

Dilute  sulphuric  acid  (i  :  5)  is  now  slowly  added  with  con- 
stant stirring  to  prevent  heating.  When  th6  solution  becomes 
clear  a  decided  excess  of  the  dilute  acid  is  added,  the  whole 
warmed  to  60°  or  70*,  and  the  titration  continued  to  the  usual 
pink  end  reaction.  If  in  this  part  of  the  reaction  the  brown 
manganic  hydroxide  does  not  quickly  disappear  by  solvent 
action  of  the  acid,  it  is  evidence  that  the  acid  is  not  present  in 
sufficient  excess  or  that  the  amount  started  with  has  been  largely 
exhausted  and  more  acid  should  be  added.  Concentrated  acid 
may  not,  at  any  time,  be  added  to  the  solution  because  of  the 
tendency  to  form  the  carbon  oxysulphide. 

Notwithstanding  the  above  somewhat  roundabout  reactions, 
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the  whole  process  proceeds,  uniformly  as  if  the  reaction  were 
simply  thus :  loCuCNS  +  7K,Mn,Og  +  2iH,SO,  =  7K,S0,  + 
i4MnS0,  +  loHCN  +  loCuSO,  +  i6H,0.  This  reaction  senfes 
to  emphasize  two  things:  first,  that  much  sulphuric  acid  is  needed 
in  the  reaction,  and  second,  that  the  amount  of  permanganate 
used  is  high  in  proportion  to  the  copper  present. 

This  is  further  evident  when  it  comes  to  the  matter  of  calcn- 
lation.  In  determining  the  permanganate  factor  for  copper 
from  its  iron  standardization  it  is  noted  that  by  the  above  equa- 
tion the  molecular  ratios  are  :  loCu  :  7K,Mn,Oj,.  Comparing^ 
with  the  usual  iron  ratio  i :  lo,  we  find  the  ratio  between  copper 
and  iron  to  be  loCu  :  yoFe  or  63.6  :  392  or  0.1602.  Hence  the 
iron  value  per  cubic  centimeter  of  the  permanganate  multiplied 
by  the  factor  0.1602  will  give  the  copper  value  per  cubic  centi- 
meter. While  this  feature  is  an  advantage  where  the  copper 
content  is  low,  it  also  calls  for  the  use  of  small  quantities  where 
the  copper  content  is  high,  otherwise  the  consumption  of  per- 
manganate will  be  excessive.  It  is  therefore  best  to  weigh  out 
I  gram  of  the  substance  and  make  up  to  250  or  500  cc.,  and 
take  an  aliquot  part  as  seems  to  be  indicated  by  the  depth  of 
color  due  to  the  copper  present.  A  decinormal  solution  of  per- 
manganate having  an  iron  factor  of  0.0056  would  have  a  copper 
factor  of  0.000897  ;  hence,  an  amount  of  copper  in  excess  of  40 
milligrams  would  use  more  than  50  cc.  of  permanganate. 

It  may  be  well  to  note  further  that  the  amount  of  permanga- 
nate used  in  oxidizing  the  copper  is  only  about  one-sixth  of  the 
amount  used  in  subsequent  titration  ;  hence,  there  is  little  danger 
of  overrunning  the  total  amount  in  the  alkaline  part  of  the  pro- 
cess where  the  end  reaction  is  indefinite.  This  point  is  further 
illustrated  by  the  equation  for  thiocyanic  acid  alone,  thus : 

loHCNS  +  6K,Mn,08  +  8H,S0,  =  6K,S0,  +  i2MnS0,  + 

loHCN  -f  8H,0. 

The  process  evidently  demands  that  the  thiocyanate  precipi- 
tate be  very  complete,  exact  and  free  from  sulphur.  That  these 
conditions  are  easily  attainable  seems  to  be  indicated  by  the 
results.  Removal  of  other  metals  is  not  necessary,  even  silver 
does  not  interfere  because  unaffected  by  the  treatment  with 
caustic  alkali,  and  the  insoluble  silver  thiocyanate  acts  so  very 
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slowly  on  permanganate  solution  as  not  to  vary  the  end-reaction 
appreciably.     Results  have  been  obtained  as  follows : 

A  solution  of  copper  sulphate  was  made  and  acidified  with 
nitric  acid.  Careful  electrolytic  determination  of  the  copper 
gave  a  factor  for  each  cubic  centimeter  of  0.00661  gram. 

Error  as  referred  to 
Indicated  copper     electrolytic  result 
Solution  taken.  Titration.  in  mif.  per  in  tag.  per 

cc.  cc.  cc.  cc. 

a)      5 32.8  6.63  -1-0.02 

d)      5 32.6  6.59  — 0.02 

c)       5 32.8  6.63  +0.02 

)       5 32.5  6.57  —0.04 

(e)      5 32.7  6.60  +0.01 

{/)    10 65.6  6.63  -f-0.02 

(^)    20 130.6  6.59  —0.02 

(h)    40 372.0  6.60  — o.oi 

The  reaction  between  a  thiocyanate  and  permanganate  seems 
to  be  very  constant.     One  exception  only  has  been  found  and 
that  not  necessarily  of  such  a  nature  as  to  interfere  with  the^ 
accuracy  of  the  above  process. 

A  solution  of  1.5  grams  of  ammonium  thiocyanate  to  a  liter  of 
water  has  a  strength  very  nearly  corresponding  to  N/io  per- 
manganate solution.  Now  up  to  this  point  of  dilution  the  thio- 
cyanate seems  to  react  regularly  and,  in  accordance  with  the 
above  reactions.  If,  however,  the  thiocyanate  be  largely  diluted 
beyond  this  point,  the  amount  of  permanganate  used  up  in  the 
reaction  is  appreciably  less  than  the  same  quantity  of  thio- 
cyanate would  use,  if  undiluted.  For  example,  a  measured 
quantity,  say  10  cc,  of  thiocyanate,  if  diluted  200  times,  will 
titrate  approximately  o.  i  cc.  of  N/ 10  permanganate  less  than  the 
same  solution  would  use  if  undiluted. 

This  tendency  to  a  lower  titration  seems  to  be  corrected  by 
acidifying  more  strongly  with  acid  to  correspond  with  the  dilu- 
tion ;  also  in  a  less  degree  by  somewhat  higher  heat. 

Such  possibility  of  error,  however,  is  easily  guarded  against 
by  keeping  the  solution  of  copper  and  thiocyanate  in  a  concen- 
trated form,  or  rather  refrain  from  diluting  the  mixture,  the 
necessary  reagents  alone  furnishing  all  needed  dilution  from  the 
time  of  treating  the  asbestos  pulp  and  precipitate  with  alkali  to 
the  final  titration  with  the  permanganate.  I  desire  to  acknowl- 
^<^ge  my  obligation  to  Mr.  A.  R.  Johnston  for  the  analytical 
data  connected  with  this  work. 

University  op  Illinois. 
19-22 
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By  B.  W.  Hiloamd. 
ReceiTed  July  6,  1900. 

IN  view  of  the  many  reclamations  and  conflicting  results  as  to 
the  content  of  free  arsenious  oxide  in  commercial  Paris  green 
that  have  reached  this  station  since  the  publication  of  Bulledn 
No.  126,  in  which  the  unsatisfactory  quality  of  the  average 
material  now  on  the  market  was  discussed,  it  seems  desirable  to 
review  briefly  some  of  the  causes  of  the  discrepant  results  of 
different  analysts. 

The  serious  injury  to  foliage  frequently  resulting  from  the  use 
of  the  commercial  article  led  this  Station  to  investigate  specially 
the  subject  of  the  presence  and  correct  determination  of  free 
ASjO,.  It  should  be  understood  that  in  the  arid  climates,  where 
practically  no  rain  falls  during  the  summer,  the  absence  of  the 
periodic  washing-off  of  the  leaves,  such  as  frequently  recurs  in 
the  region  of  summer  rains,  permits  of  injury  from  a  mucb 
smaller  percentage  of  the  free  arsenical  compound.  The  limit 
above  which  such  injury  occurs  was  found  by  our  experience  to 
be  4  per  cent,  of  free  arsenious  oxide ;  and  whenever  that 
amount  is  exceeded  we  recommend  the  addition  of  a  certain 
proportion  of  slaked  lime  to  counteract  its  effects. 

The  New  York  law  requiring  the  total  percentage  of  arsenioos 
oxide  in  Paris  green  to  be  **not  below  50  per  cent.,"  wholly 
omits  any  reference  to  the  free  or  combined  state  of  the  com- 
pound. Hence  some  manufacturers  have  discarded  all  care  in 
this  respect,  and  greens  containing  as  much  as  20  per  cent,  and 
more,  of  the  free  oxide,  are  of  frequent  occurrence.  Such 
articles  are  extremely  objectionable  in  this  climate  at  least,  and 
probably  elsewhere.  This  law  certainly  needs  amendment,  as  it 
puts  a  premium  on  careless  manufacture,  or  fraud.  In  some 
samples  submitted  to  us  it  was  evident  that  the  **  white  arsenic  " 
had  been  added  in  bulk  to  the  green,  as  in  the  case  of  other 
adulterants,  among  which  gypsum,  Glauber's  salt,  chalk,  and 
pipe-clay  were  easily  identified  by  the  microscope  as  well  as  by 
chemical  tests.  Microscopic  examination  proved,  in  fact,  to  be 
such  a  convenient  and  decisive  test  in  most  cases,  that  it  is 
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always  the  first  thing  we  do,  as  it  frequently  renders  any  further 
chemical  work  wholly  unnecessary.  The  cogency  of  the  micro- 
scopic examination  is  not  so  generally  appreciated  by  chemists 
as  it  is  by  mineralogists  ;  but  there  is  no  excuse  for  any  mistakes 
in  such  work,  as  the  crystalline  forms  of  adulterants  are  perfectly 
conclusive,  either  directly,  or  after  solution  and  evaporation. 
Especially  can  there  be  no  mistake  about  the  lustrous,  sharp 
octahedrons  of  arsenious  oxide,  whether  they  be  scattered  about 
among  the  globules  of  Paris  green,  or,  as  is  most  commonly 
the  case,  adherent  to  the  surface  of  the  latter  ;  so  that  in  case  of 
large  proportions  of  the  free  arsenic,  the  globules  are  set  with 
sharp  octahedrons  like  a  circular  stone-saw  or  *' diamond- 
drill."  In  most  of  such  samples  we  have  found  the  bulk  of  the 
free  arsenic  to  be  in  this  condition. 

Such  crystals  dissolve  very  slowly  in  cold  water,  and  even  when 
40**  or  50''  C.  is  used  ;  and  as  a  high  temperature  disintegrates  the 
green  globules,  it  does  not  seem  admissible  to  employ  it.  After 
twenty-four  hours'  treatment  with  indefinite  quantities  of  cold 
water,  the  arsenical  crystals  were  sometimes  still  discernible  as 
transparent,  obtuse  ridges  around  the  outside  of  the  globules, 
still  constituting  quite  one-half  of  the  total  free  arsenious  oxide. 

It  is  thus  obvious  that  by  treatment  of  Paris  green  for  a  few 
hours,  with  such  small  amounts  of  water  as  we  find  are  in  use  at 
some  of  the  Eastern  stations  (100  to  300  cc.  per  gram  of  green), 
too  low  results  must  be  obtained.  As  in  orchard  practice  the 
proportion  of  water  used  is  from  500  to  1000  times  the  weight  of 
the  green  employed,  it  seems  proper  to  conform  the  analytical 
practice  to  this  practice,  in  order  to  obtain  results  that  shall 
represent  the  actual  facts  of  the  case.  This  is  what  we  have 
adopted  as  a  rule,  together  with  the  prolonged  agitation  of  the 
green  with  the  water,  which  is  likewise  practiced  in  the  orchard. 
It  is  from  this  cause,  doubtless,  that  our  results  are  almost 
uniformly  above  those  of  our  Eastern  colleagues  ;  but  I  think  we 
are  justified  in  adhering  to  what  is  manifestly  in  accordance 
with  the  practical  outcome.  It  has  been  repeatedly  said  to  us, 
in  reply  to  our  insistence  on  the  microscopic  examination,  that 
*'  no  Eastern  chemist  practices  it."  To  this  I  have  only  to  say, 
that  in  this  as  in  numerous  other  cases,  the  microscopic  exami- 
nation usually  affords  so  much  more  prompt  and  decisive  informa- 
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tion  regarding  purity  or  adulteration  than  mere  analysis,  that  I 
cannot  but  regard  its  omission  as  a  serious  mistake,  ia 
neglecting  important  evidence  so  readily  obtainable. 

It  has  been  suggested  that  we  do   not  take  into  account  the 
**  solubility  of  Paris  green   in  water,"  as  estimated  from  the 
amount  of  copper  going  into  solution.     But  as  in  several  cases  we 
have  found  verdigris  to  pass  into  the  first  filtrates,  the  dissolution 
of  copper  being  reduced  to  a  mere  trace  when  the  washing  was 
continued   beyond  1000  cc.  per  gram,   it  is   manifest  that  this 
correction  cannot  be  applied  safely  without  special  precautions, 
even  if  it  were  certain  that  Paris  green  is  soluble  ;  in  any  case, 
the  arsenic  that  passes  into  solution  in  this  form  cannot  exceed 
a  fraction  of  i  per  cent.     In  the  case  of  a  sample  containing 
somewhat  less  than  4  per  cent,  of  free  arsenious  oxide,  for  which 
an  Eastern  chemist  has  reported  only  0.9  per  cent.,  we  found  in 
the  first  1200  cc.  applied  to  i  gram  of  substance,  0.26  per  cent,  of 
copper,    for  which,    supposing  it   to  represent    Paris  green,  a 
similar  weight  of  arsenious  oxide  would  have  to  be  deducted. 
But  an  additional  600  cc.  failed  to  give  any  reaction  for  copper, 
even  when  concentrated  to  25  cc,  although  a  small  amount  of 
arsenic  still  continued  to  come.     The   microscope  showed  the 
cause  of  this  continued  slight  contamination  to  be  a  few  readily 
recognizable  octahedrons  of  arsenious  oxide  adherent  to  the  sur- 
face   of  the  globules,  here    and    there.     Practically  the  same 
results  were  obtained  by  a  slow  percolation  of  cold  water,  when 
after  the  passage  of  2000  cc.  no  copper  reaction  could  be  found  ; 
but  a  trace  of  arsenic  continued  to  come  through  at  the  end  of 
the  fifth  liter  of  water.     In  the  sample  thus  washed,  however, 
no  arsenical  crystals  could  be   detected   by  the  microscope,  but 
only  fragments  of  crushed  globules  of  Paris  green,  whose  form 
and  aspect  cannot  be  mistaken  for  arsenious  oxide  by  any  prac- 
ticed eye. 

It  is  thus  obvious  that  extraction  with  a  few  hundred  cc.  of 
water  for  a  few  hours  cannot  yield  a  proper  measure  of  the  free 
arsenic  present  in  Paris  green.  Not  less  than  600  cc.,  and 
preferably  not  less  than  1000  cc,  or  i  liter  per  gram,  should  be 
employed,  and  the  extraction  continued  for  twenty- four  hours. 

As  to  the  test  prescribed  by  at  least  one  Eastern  station,  viz,, 
the  solubility  of  the  pure  green  in  ammonia,  it  is  utterly  illusoiy 
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SO  far  as  **  white  arsenic  "  is  concerned.  Even  if  the  latter  were 
not  itself  rather  readily  soluble  in  ammoniai  the  fact  stated  in  all 
books  of  reference  that  it  is  easily  soluble  in  ammonium 
arsenite  (which  is  of  course  formed  when  Paris  green  is  dis- 
solved in  ammonia)  fully  disposes  of  any  claim  of  this  test  to 
acceptance. 

TTifivBRSiTT  OP  California,  June  30, 1900. 


A  HETHOD  OP  DETERMININQ  FREE  ALKALI   IN  SOAPS. 

Bt  R.  B.  Divim  b. 
Received  July  a6,  tgoo. 

THE  usual  method  of  making  this  determination  prescribes  a 
separation  of  caustic  from  carbonated  alkali  by  drying  the 
soap,  dissolving  in  absolute  alcohol,  and  after  filtering  and  wash- 
ing the  undissolved  carbonate  with  alcohol  and  dissolving  in 
water  to  titrate  the  solutions  containing  caustic  and  carbonate, 
respectively,  with  standard  acid.  This  method  is  open  to  several  ^ 
objections,  aside  from  the  amoitnt  of  time  consumed.  If  it  is 
desired  to  obtain  accurate  results  on  the  caustic  and  carbonate 
separately,  the  preliminary  drying  of  the  soap  introduces  an  error 
since  the  caustic  alkali  will  take  up  carbon  dioxide  from  the  air 
unless  the  drying  is  done  out  of  contact  with  air.  It  is  quite  a 
troublesome  process  to  filter  an  alcoholic  soap  solution  if  one  is 
not  provided  with  appliances  to  keep  the  funnel  hot  during  fil- 
tration. Dudley  and  Pease*  use  an  alcoholic  solution  of  stearic 
acid  for  titrating  the  caustic,  but  still  filter  from  undissolved  car- 
bonate, and  determine  the  latter  in  the  usual  manner.  In  the 
following  process  the  writer  has  succeeded  in  eliminating  filtra- 
tion. For  this  method  it  is  necessary  to  provide  three  standard 
solutions : 

1.  Hydrochloric  acid,  N/io  (for  standardizing  2). 

2.  Caustic  soda,  N/xo,  in  alcohol. 

3.  Stearic  acid,  N/io,  in  alcohol. 

2  and  3  should  be  exactly  equivalent  one  to  the  other,  titrated 
warm  with  phenolphthalein  indicator. 

Two  grams  soap  (which  needs  no  drying)  is  weighed  into  a 
round-bottomed  flask,  of  about  300  cc.  capacity,  and  50  cc.  alco- 
hol poured  upon  it.     N/io  stearic  acid  is  now  run  in  from  a 
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burette  in  amount  judged  to  be  sufficient  to  neutralize  the  free 
alkali  in  2  grams  of  the  soap,  some  phenolphthalein  added,  and 
the  flask  then  stoppered  with  a  cork  stopper,  through  which 
passes  a  glass  tube  about  30  inches  long  and  of  about  \  inch  inter- 
nal diameter,  the  lower  end  ground  to  a  point  on  a  grindstone, 
and  the  purpose  of  which  is  to  serve  as  a  reflux  condenser.  The 
flask  and  contents  are  placed  on  a  steam-bath  and  heated  thirty 
minutes,  at  the  expiration  of  which  time  the  solution  should  be 
quite  clear  and  show  no  alkali  with  the  phenolphthalein.  If  the 
solution  turns  red  during  the  boiling,  showing  that  an  insuffi- 
cient quantity  of  stearic  acid  has  been  added  at  first,  add  more 
of  that  solution  until  the  color  disappears,  then  several  cubic 
centimeters  in  excess,  and  heat  twenty  minutes  further.  The 
flask  is  now  removed  from  the  bath  and,  after  a  few  minutes'  cool- 
ing, titrated  with  N/io  caustic  soda.  The  difference  between  the 
number  of  cubic  centimeters  stearic  acid  solution  added  and  the 
numberof  cubic  centimeters  caustic  soda  used  to  back  titrate  is 
equivalent  to  the  total  free  alkali  present. 

While  the  first  flask  is  heating,  weigh  out  in  a  similar  flask  2 
grams  of  soap  and  add  50  cc.  alcohol  and  place  on  the  steam- 
bath.  When  the  first  test  is  finished,  calculate  roughly  the  total 
alkali,  assuming  the  total  quantity  to  be  carbonate.  Now  add 
to  the  second  flask  an  amount  of  10  per  cent,  barium  chloride 
solution  sufficient  to  precipitate  alkali  found,'  heat  a  few  minutes, 
add  phenolphthalein,  and  titrate  with  N/io  stearic  acid.  The 
titration  must  take  place  slowly  and  with  thorough  agitation  of 
the  liquid  for  the  reason  that  the  sodium  or  potassium  Ifydroxide 
reacts  with  the  barium  chloride  added  and  forms  sodium  chlo- 
ride and  barium  hydroxide.  The  latter  is  not  very  soluble  in  the 
alcoholic  liquid  and  sufficient  time  and  pains  must  be  taken  to 
ensure  its  complete  neutralization  by  the  stearic  acid.  A  blank 
test  should  be  made  on  50  cc.  of  the  alcohol,  since  this  frequently 
contains  carbon  dioxide,  and  the  number  of  tenths  cc.  N/io 
caustic  soda  necessary  to  neutralize  the  free  acid  in  this  quan- 
tity of  alcohol  added  to  the  reading  of  the  stearic  acid  burette  ia 
the  second  test.  This  corrected  reading  gives  the  number  of 
cubic  centimeters  N/io  stearic  acid  used  to  neutralize  the  caus- 
tic alkali  in  2  grams  of  soap.     The  difference  between  the  total 

>  I  cc.  N/io  stearic  acid  =  0.0122  gnm  BaClg.2HiO  or  0.122  cc.  10  per  cent,  baran 
cholride  solution. 


HUMUS  AND  ITS  NITRIFICATION.  695 

alkali  found  and  the  caustic  will,  of  course,  give  the  carbonate. 
For  example  :  2  grams  of  soap  and  15  cc.  N/io  stearic  acid  ;  run 
in3.2cc.  N/iocausticsodato  back  titrate.  Consequently,  15  — 
3.2  :=  11.8  cc.  N/io  stearic  acid  equivalent  to  total  free  alkali. 

To  neutralize  the  caustic  in  the  sample  treated  with  barium 
chloride  was  required  4.1  cc.  N/io  stearic  acid.  Fifty  cc.  of  the 
alcohol  used  required  0.2  cc.  N/io  caustic  soda,  then  4.1  +  0.2. 

4.3  cc.  N/io  stearic  acid  to  neutralize  free  caustic  alkali. 
1 1. 8 — 4.3  =  7.5  cc  N/io  stearic  acid  to  neutralize  carbonated 
alkali. 

I  cc.  N/io  stearic  acid  =  0.004  gram  caustic  soda  or  0.0053 
gram  sodium  carbonate. 

The  above  figures  calculated  to  percentage  would  be  : 

0.86  per  cent,  caustic  soda  and  1.99  per  cent,  sodium  carbon- 
ate. 

It  is  to  be  noted  that  a  rubber  stopper  cannot  be  used  in  the 
flasks  for  dissolving  the  soap  on  account  of  the  sulphur  in  the 
rubber,  which  decolorizes  an  alcoholic  solution  of  phenolphthal- 
ein.  The  method  is  applicable  to  all  soaps  which  do  not  con- 
tain fillers  which  react  with  the  standard  solutions  employed. 

BlTFFALO,  July  34,  Z9OO. 


INVESTIQATIONS  ON   THE  DETERHINATION    AND  COM- 
POSITION OF  HUMUS  AND  ITS  NITRIFICATION. 

By  Charlrs  r'imbach. 
Received  July  90, 1900. 

THE  investigation  on  the  nitrification  of  the  tnatih^e  noire  of 
Grandeau,  here  discussed,  was  undertaken  on  the  sug- 
gestion of  Prof.  Hilgard,  to  test  the  question  whether  or  not  that 
substance  is  to  be  regarded  as  a  source  of  nitrates  under  the  in- 
fluence of  nitrifying  bacteria  as  has  been  assumed,  but  never 
definitely  proved.  The  method  of  preparation  consists  in  treat- 
ing the  soil  with  dilute  hydrochloric  acid  to  remove  the  lime  and 
magnesia  with  which  the  humus  substance  forms  insoluble  com- 
pounds ;  and  after  washing  with  distilled  water,  until  the  fil- 
trate is  neutral,  extracting  it  with  6  per  cent,  ammonia.  On 
evaporation  the  solution  leaves  the  matitre  noire  behind. 

As  a  medium  containing  the  carbonates  of  lime  and  magnesia 
is  most  favorable  to  nitrifying  bacteria,  the  compound  of  the 
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humus  with  these  metals  was  employed  for  the  experiment  in 
order  to  simplify  conditions.  For  this  purpose  the  ammonii 
extract  from  a  soil  was  precipitated  with  hot  solutions  of  gyp- 
sum and  magnesium  sulphate  ;  the  compound,  which  settles verj 
slowly,  was  washed  and  decanted  several  times  with  gypsum 
solution  to  keep  it  flocculated,  and  then  put  on  a  liDen  filter. 
After  the  liquid  had  passed,  the  mass  was  further  washed  by 
shaking  up  in  a  bottle  with  gypsum  solution,  this  operation 
being  repeated  until  the  filtrate  was  nearly  colorless.  The  pre- 
cipitate was  dried  at  100'*,  whereby  it  lost  considerably  in  vol- 
ume, forming  a  hard,  brilliant,  brittle  mass  with  conchoidal  fra^ 
ture.  It  was  free  from  ready- formed  ammonia  expellablebj 
magnesia.  The  lime-ma^uesia  compound  thus  prepared  nator- 
ally  contained  gypsum.  In  the  air-dried  condition  the  precipi- 
tates prepared  from  two  different  soils  had  the  following  compo- 
sition : 

IVesi  Berkeley  Soil, — An  excessively  stiff  clay  or  "black 
adobe'*  soil,  rich  in  lime,  containing  over  2  per  cent,  of  maiitn 
noire, 

CALCIUM-MAGNKSraM  HUMATB. 

Per  cent 

Water 17.95 

Ash 14.34 

Organic  matter 67.71 

Nitrogen 3.06  of  the 

organic  matter. 

Redwood  SoU, — From  Marin  County  (sandy  humus  soil). 

Calcium-magnbsium  Humatb. 

Per  cent 

Water 1 7.80 

Ash 15.37 

Organic  matter ^-57 

Nitrogen 4.01  of  the 

organic  matter. 

The  ash  of  the  latter  was  soluble  in  dilute  hydrochloric  add, 
leaving  an  insignificant  white  residue.     It  contained : 

Per  cent. 

Lime 47.07 

Magnesia 13*^5 

Phosphoric  acid 6.15 

Potash  in  noticeable  quantity. 
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The  humate  from  the  Redwood  soil,  being  the  richer  in  nitro- 
gen, was  used  for  the  nitrification  experiment.  Twenty-eight 
grams  humate  =  22.8816  grams  dry  matter  with  0.767  gram 
nitrogen,  were  mixed  in  a  beaker  with  2  kilos  of  sand  taken  from 
drifting  sand  dunes,  a  short  distance  from  the  ocean  near  San 
Francisco ;  it  had  been  previously  ignited,  and  freed  from 
nitrates  by  leaching  with  hydrochloric  acid  and  distilled  water. 
The  material  for  infection  was  prepared  from  soil  of  the  ten- 
acre  tract.  Southern  California  Experiment  Station.  This  soil 
contains  from  1,560  to  12,280  pounds  of  alkali  salts  per  acre  to 
the  depth  of  i  foot ;  up  to  23  per  cent,  of  these  are  nitrates  = 
0.062  per  cent,  of  the  soil.  After  having  been  freed  from  nitrates 
by  washing  with  distilled  water,  it  was  shaken  with  water,  and 
the  turbid  liquid  filtered  through  linen  ;  the  above  mixture  was 
moistened  with  the  filtrate. 

The  material  was  kept  for  two  months  at  a  temperature  of 
about  25®.  Every  other  day,  with  some  interruptions,  the  sand 
was  moistened  so  that  the  content  of  free  water  amounted  to 
about  2  per  cent.,  stirred  up  with  a  glass  rod,  and  thus  kept  in 
a  mellow,  flocculated  condition,  to  facilitate  the  access  of  the  air. 
After  that  lapse  of  time  the  moistened  sand  was  mixed  thor- 
oughly, and  a  part  of  it  was  dried,  weighed,  and  leached  with 
water.  The  extract,  subjected  to  the  colori metric  determination 
of  nitric  acid,  showed  that  5.94  per  cent,  of  the  nitrogen  of  the 
humus  substance  had  been  nitrified. 

Further  experiments  are  in  progress  for  comparing  the  nitrifi- 
cation in  a  natural  soil,  and  in  the  same  freed  from  matitre  noire ^ 
in  which  the  microscope  showed  only  slightly  browned  vegetable 
debris. 

Conclusions. — The  assumption  made  heretofore  by  Prof.  Hil- 
gard  and  others  that  Grandeau's  matitre  tioire  is  a  direct  source 
of  nitrogen  through  nitrification,  is  definitely  verified  by  the 
above  experiment,  in  which  all  other  possible  sources  were  elim- 
inated. It  also  justifies,  presumptively.  Prof.  Hilgard's  thesis 
that  humus  containing  a  high  percentage  of  nitrogen,  such  as  is 
found  in  the  soils  of  the  arid  regions,  will  yield  larger  amounts 
of  nitrates  in  the  same  time  than  will  that  of  lower  nitrogen  per- 
centages ;  and  that  conversely,  low  nitrogen  percentages  may 
fail  to  supply  a  sufficiency  for  plant  growth. 
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Determinatum  of  Humus ^ — An  investigation  was  also  made  to 
test  the  Grandeau  method  for  the  determination  of  bnmns,  and 
particularly  that  of  nitrogen  in  humus,  as  hitherto  used.  The 
method  is  the  following  : 

Two  portions  of  5  or  10  grams  of  air-dried  soil  are  weighed  ofi 
into  prepared  filters.  They  are  treated  with  i  per  cent,  hydro- 
chloric acid  to  dissolve  out  the  lime  and  magnesia,  as  already 
explained.  The  treatment  with  acid  is  continued  until  there  is 
no  reaction  for  lime ;  the  acid  is  then  washed  out  with  water  to 
neutral  reaction.  The  funnels  containing  the  washed  soils  are 
now  stoppered  and  one  of  them  is  treated  with  ammonia  water 
(6  per  cent.)  for  the  determination  of  humus  by  evaporation, 
and  the  other  with  sodium  hydroxide  (4  per  cent.)  for  the  esti- 
mation of  nitrogen.  The  lye,  whether  ammonia  or  soda,  remains 
in  the  respective  funnels  a  few  hours  ;  the  solution  is  then  allowed 
to  pass  through  and  the  filter  washed  once  with  the  lye  ;  the  fun- 
nel is  then  restoppered  and  a  fresh  quantity  of  the  solvent  put  on 
the  filter.  The  treatment  is  repeated  until  the  filtrate  remains 
colorless.  The  solutions  are  then  made  up  to  i  liter,  and  ali- 
quot parts  are  taken  for  the  determination. 

The  ammonia  solution  is  evaporated  in  a  weighed  platinum 
dish,  the  residue  dried  at  100**,  weighed,  ignited,  and  reweighed, 
the  loss  in  weight  showing  the  amount  of  humus. 

The  soda  solution  is  treated  with  sulphuric  acid  and  mercuric 
oxide  to  determine  the  nitrogen  in  the  usual  way. 

The  percentage  of  nitrogen  in  the  sodium  extract  is  referred 
to  the  percentage  of  humus  in  the  soil  as  determined  by  ammo- 
.nia  extraction,  for  obtaining  the  percentage  of  nitrogen  in  the 
humus. 

It  was  to  be  decided  whether,  as  assumed  in  this  method, 
ammonia  and  soda  extract  the  same  quantities  of  humus  and 
nitrogen  ;  /.  e.,  the  same  substances.  For  this  purpose  two  soils, 
peaty  soil  from  Westminster,  Orange  Co.,  Cal.,  with  19.12  per 
cent,  humus,  and  heavy  black  adobe  soil  from  the  University 
grounds  with  1.20  per  cent,  humus,  were  treated  as  above 
described.  A  duplicate  of  the  Westminster  soil  served  for  deter- 
mining the  quantity  of  humus  lost  for  the  analysis  by  the  extrac- 

1  The  word  "  humus."  as  used  in  this  paper,  is  intended  to  desifirnate  Grandeao'9 
matiire  noire. 
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tion  with  hydrochloric  acid  and  water,  which  was  prolonged 
Ttntil  I  liter  of  filtrate  was  obtained.  Three  hundred  cc.  of  this 
filtrate  on  evaporation  gave  0.0375  gram  residue,  containing 
0.0367  gram  organic  matter  with  7.45  per  cent,  nitrogen.  This 
quantity  of  organic  matter  is  4.53  per  cent,  of  that  contained  in 
the  ammonia  extract. 

For  determining  the  organic  matter  of  the  ammonia  solution, 
aliquot  parts  of  it  were  evaporated.  The  residue  always  con- 
tains combined  ammonia,  which  was  determined  in  another 
aliquot  part  (previously  boiled  to  expel  free  ammonia)  by  distil- 
lation with  magnesia.  The  quantity  found,  subtracted  from  the 
loss  of  weight  by  ignition,  gives  the  organic  matter.  In  the 
residue  from  the  distillation  the  organic  nitrogen  was  determined 
by  the  Kjeldahl  method. 

Gram. 

Residue  of  200  cc.  ammonia  solution 0.1795 

Ash ., 0.0108 

Ash-free  ammonia  humate 0.1687 

Less  combined  ammonia 0.00834 

Organic  matter o.  16036 

The  combined  ammonia  taken  up  from  the  ammonia  solution 
amounts  to  4.93  per  cent,  of  the  ash-free  ammonia  humate  ;  the 
organic  nitrogen,  to  6.98  per  cent,  of  the  organic  matter. 

The  determination  of  the  organic  nitrogen  in  the  ammonia  and 
soda  solutions  respectively,  when  applying  the  above  correction, 
gave  the  following  results : 

Mgf. 

Organic  nitrogen  in  100  cc.  ammonia  solution 5.33 

Organic  nitrogen  in  100  cc.  soda  solution 8.23 

These  results  are  important  in  that  they  prove  that  soda 
solution  extracts  more  nitrogen  than  does  ammonia. 

On  account  of  the  impossibility  of  determining  the  organic 
matter  in  the  neutralized  soda  solution  by  evaporation  and 
calcination,  because  of  the  large  quantity  of  sodium  salt,  which 
hinders  the  combustion,  it  was  decided  to  determine  by  the  pre- 
cipitation of  the  humus,  the  quantity  and  quality  of  humus- 
substances  in  both  extracts.*  In  order  to  determine  which 
reagent  precipitates  the  humus  most  completely,  ammonia- 
humate  extract  from  University  adobe  soil  was  treated  with 
solutions  of  copper  and  magnesium  sulphates,  and  with  hydro- 
chloric acid.     Before    adding    the    salt  solutions,    the  humus 
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extract  was  freed  from  uncombined  ammonia  by  boiling;  the 
precipitates  were  washed  with  boiling  water,  in  which  the 
magnesium  humate  was  rather  soluble,  while  the  filtrate  fioni 
the  copper  humate  was  perfectly  clear  and  nearly  colorless.  The 
hydrochloric  precipitates  were  washed  with  2  per  cent,  hydro- 
chloric acid  until  500  cc.  had  passed.  All  precipitates  were  free 
from  ammonia.  The  nitrogen  content  of  the  filter  was  con- 
sidered. For  all  precipitations  the  same  quantity  of  ammonia 
extract  was  used. 

Precipitants  used. 


Copper  Magrnesinm    Hydio- 
sttlpnate.   sulphate,  chloncadd. 
Organic  matter  of  the  precipitates  in  per  cent. 

of  the  total  organic  matter  of  the  extracts  89.16  65.16  85.21 
Nitrogen  of  the  precipitates  in  per  cent,  of  the 

organic  matter  of  the  precipitates 4.48  4.93 

Nitrogen  of  the  precipitates  in  per  cent,  of 

the  total  organic  nitrogen  of  the  extract .  •  -  •  88.24 

Ash  in  per  cent,  of  the  precipitates 23.40  14.60  5.21 

These  results  show  that  magnesium  'sulphate  (because  of  the 
solubility  of  huraates  in  water)  is  not  suitable  as  a  precipitant, 
while  copper  sulphate  precipitates  the  humus-substances  most 
completely.  Hydrochloric  acid  has  nearly  the  same  complete 
effect  as  copper  sulphate,  and  as  it  can  be  added  to  the  extract 
without  previous  elimination  of  ready-formed  ammonia,  it  was 
used  for  the  determinations  described  above. 

The  precipitation  of  the  humus  with  hydrochloric  acid  in  the 
ammonia  and  soda  extracts  from  the  Westminster  and  Univer- 
sity soils,  gave  the  following  results  : 


Westminster  Soil —  cc. 

Ammonia  solution*-  200 
So'la  solution 200 

University  Soil — 

Ammonia  solution  ••  300 
Soda  solution 300 
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It  is  thus  seen  that  the  humus-substances  of  these  two  soils 
behave  altogether  differently  toward  ammonium  and  sodium 
hydroxides  as  solvents. 

The  nitrogen  of  these  precipitates  was  not  determined  on 
account  of  the  small  amounts  obtained.  The  organic  matter  of 
the  hydrochloric  acid  precipitate  from  the  Westminster  ammonia 
solution  is  70.24  percent,  of  the  total  quantity  of  organic  matter 
contained  in  the  same. 

Hven  if  the  chlorides  of  ammonium  and  sodium  should 
influence  differently  the  solubility  of  the  precipitates,  the  ratio 
of  the  latter,  which  is  3  :  4  in  the  first,  and  3  :  i  in  the  second 
case,  shows  that  substances  of  different  nature  are  thus 
obtained. 

Organic  Matter  in  the  Soda  Extract. — For  determining  approxi- 
xnatively  the  ratio  of  nitrogen  and  organic  matter  in  the  soda 
extract,  a  weaker  solution,  which,  of  course,  may  have  a  different 
solvent  power,  was  used  in  the  extraction.  140  grams  of  Univer- 
sity adobe  soil,  after  being  extracted  with  hydrochloric  acid  and 
water  (250  cc.  of  the  latter  contained  0.0133  gram  organic 
matter)  was  treated  during  twelve  hours  with  i  per  cent,  soda 
solution,  then  washed  with  0.25  per  cent,  soda-lye,  this  operation 
being  repeated  until  i  liter  filtrate  was  reached.  50  cc.  of  this 
were  evaporated,  the  residue  ignited,  a  solution  of  ammonium 
carbonate  added  in  order  to  convert  lime  and  magnesia  'into 
insoluble  carbonates,  evaporated  again,  and  the  residue  gently 
heated.  Then  the  ash  was  extracted  with  water  and  the 
quantity  of  sulphuric  acid  necessary  for  neutralizing  the 
soda  determined  by  titration.  With  the  same  quantity  of  acid 
50  cc.  of  the  soda  solution  was  evaporated.  The  residue  dried, 
weighed,  ignited,  and  reweighed  showed  the  organic  matter. 
The  determination  of  nitrogen  was  made  with  an  aliquot  part. 

For  comparison,  140  grams  of  the  same  soil  were  treated  with 
the  same  quantities  of  acid,  water,  and  6  per  cent,  ammonia,  and 
the  extract  was  analyzed  in  the  usual  way.  The  ash- free 
residue  contained  5.88  per  cent,  of  ready-formed  ammonia. 

Orgranic  nitroiceii 
Organic  matter,    in  per  cents,  of  the 
cc.  Gram.  org^anic  matter. 

Ammonia  solution 50  0.0589  4.73 

Soda  solution 50  0.0543  5.37 
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These  fignres,  however,  do  not  allow  a  definite  conclusion  as 
to  the  total  amount  of  soluble  humic  matter  in  the  soil  :  for  it 
was  found  that  in  the  ammonia  filtrates  obtained  at  different 
times  during  the  extraction  (which  lasted  six  days),  the  nitro- 
gen percentages  of  the  organic  matter  vary  considerably.  The 
differences  in  the  percentages  of  combined,  ready-formed 
ammonia  are  small. 

Ammonia  Soi«ution  from  Soil  from  the  Tbn-acre  Tract. 

Organic  nitrosrcn.i  Combined  ammoiitt.* 
Filtrate  from  the  first  four  hours  •  •  •  •  4.90  6.75 

Filtrate  from  the  seventh  and  eighth 

day 9.35  7.26 

Apparently  the  humus-substances  that  are  poor  in  nitrogen  are 
readily  soluble  in  ammonia  and  consequently  form  the  main 
part  of  the  first  extract,  while  the  substance  with  higher  nitrogen 
percentages  are  less  soluble  and  need  a  longer  time  for  entire 
extraction  by  ammonia,  but  are  more  quickly  dissolved  by  soda. 

CONCLUSIONS. 

1 .  By  leaching  with  hydrochloric  acid  and  water  a  certain 
quantity  of  humus,  varying  in  the  different  soils,  is  lost  to  the 
subsequent  extraction  with  ammonia. 

2.  The  content  of  nitrogen  of  the  soda  extract,  being 
different  from  that  of  the*  ammonia  extract,  cannot  be  directly 
referred  to  the  content  of  organic  matter  of  the  latter. 

3.  In  the  determination  of  organic  matter  and  nitrogen  in  the 
ammonia  extract,  the  quantity  of  combined  ammonia  must  be 
considered,  as  has  been  described  in  the  analysis  of  Westminster 
humus. 

It  is  thus  evident  that  the  percentages  of  humus  heretofore 
determined  are  too  high,  inasmuch  as  the  combined  ammonia, 
which  is  about  5  per  cent,  of  the  ashfree  ammonium  humate, 
has  been  erroneously  calculated  as  organic  matter.  Further- 
more, if  all  soils  behave  like  Westminster  soil,  from  which  soda 
extracts  abdut  one  and  a  half  times  as  much  nitrogen  as  does 
ammonia,  the  nitrogen  percentages  in  humus  as  heretofore  deter- 
mined, even  though  they  are  referred  to  organic  matter  and 
combined  ammonia,  would  be  too  high. 

1  In  per  cents,  of  the  organic  matter  contained  in  the  solution, 
s  In  per  cents,  of  the  ash-free  ammonia  humates. 


NOTES.  703 

4.  The  question  still  remains  whether  soda  or  ammonia 
solution,  and  in  what  strength,  satisfy  best  the  requirements  of 
a  solvent  for  humus  substance,  regarded  as  the  sum  of  organic 
substances,  decomposed  or  not,  that  are  immediately  available 
for  the  plants. 

After  concluding  this  investigation,  we  received  a  publication 
of  A.  I/.  Emery  entitled  **Soil  Humus  :  Some  Sources  of  Error 
in  Analytical  Methods.*'*  As  to  the  absorption  of  ammonia  by 
the  humus  solution,  there  mentioned,  it  is,  as  we  have  explained, 
at  least  partially  a  simple  process  of  combination  of  the  humus 
acids  (liberated  by  hydrochloric  acid  from  earth  bases)  with  the 
ammonia ;  the  quantity  of  the  latter  has  been  regularly  deter- 
mined by  Prof.  Hilgard  for  some  time  past,  by  distillation  with 
magnesia  (not  lime,  which  decomposes  organic  nitrogen  com- 
pounds) .  A  question,  however,  still  to  be  decided  is  whether  the 
ammonia  used  forms  amido-compounds  with  the  humus  sub- 
stances during  the  digestion  or  evaporation. 


NOTES. 

The  Brown-Taylor' Richards  Method  for  the  Microscopical 
Identification  of  Butter, — In  the  June  number  of  the  Journal 
appears  an  article  by  John  A.  Hummel  on  **  Brown  and  Taylor's 
Ofl&cial"  method  of  identifying  butter,  with  plates  showing  the 
appearance  of  butter,  oleomargarine,  and  renovated  butter, 
when  viewed  by  polarized  light.  This  is  the  first  time  the 
method  used  by  the  Bureau  of  Internal  Revenue  for  identifying 
oleomargarine  has  been  formally  christened,  and  I  would  sug- 
gest, if  the  designation  is  to  stand  in  chemical  literature,  the 
addition  of  the  name  of  Mr.  Richards,  formerly  microscopist  of 
this  office,  to  whom  is  due  the  credit  for  its  adoption  and  suc- 
cessful employment  as  a  field  test  for  the  past  twelve  years.  His 
report  on  this  subject  will  be  found  on  page  CLXII  of  the  Annual 
Report  of  the  Commissioner  of  Interval  Revenue  for  the  fiscal 
year  ended  June  30,  1888.  Directions  for  the  use  of  the  form  of 
(unmounted)  microscope  officially  adopted  and  its  polarizing 
attachments  are  given  in  Series  7,  No.  9,  revised,  of  the  Regu- 
lations of  the  Internal  Revenue  Office,  everything  being  simpli- 
fied as  much  as  possible,  so  that  the  test  can  be  performed  by 

1  Tbi^  Journal,  aa,  385  (1900). 
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persons  not  specially  skilled  in  microscopical  manipulation. 
These  regulations,  which  are  in  the  hands  of  all  internal 
revenue  officers,  contain  plates  prepared  by  Richards  showing 
the  appearance  of  oleomargarine  when  viewed  by  polarized 
light,  presenting  the  same  characteristics  as  are  given  by  the 
plates  in  Hummers  article,  except  that  no  reproduction  is  made 
of  the  appearance  of  butter,  since  this  is,  practically,  a  blank 
field. 

In  regard  to  the  use  of  this  test  to  distinguish  between  fresh 
and  renovated  butter,  the  experience  of  this  office  would  tend  to 
substantiate  strongly  the  .claims  for  its  value  put  forth  by 
Hummel.  The  regulations  above  referred  to  recognize  the  fact 
that  it  is  really  a  test  for  the  presence  of  melted  fat,  and  pre- 
scribe that  all  samples  giving  a  doubtful  appearance  in  the 
microscope  shall  be  sent  in  to  Washington  for  a  chemical 
examination.  Of  those  which  proved  to  be  butter  when  thus 
examined,  about  nine-tenths  are  renovated  butter,  showing  a 
field  more  or  less  mottled  when  examined  with  crossed  nicols. 
In  fact  the  value  of  the  method  as  a  sorting  test  to  discriminate 
between  butter  and  oleomargarine  has  been  seriously  impaired 
of  late  years  by  reason  of  the  large  quantity  of  renovated 
butter  which  has  found  its  way  into  the  markets.  This  is 
mainly  due,  however,  to  the  lack  of  skill  on  the  part  of  revenue 
officers,  few  of  whom  have  occasion  to  make  frequent  use  of  the 
instrument.  To  a  person  skilled  in  the  use  of  the  polarizing 
microscope,  it  is  not  difficult  to  distinguish  between  oleomar- 
garine and  melted  butter,  for  it  is  seldom  a  sample  of  the  latter 
is  met  with  which  gives  the  sharply  defined,  crystalline  appear- 
ance of  the  field  t3'pical  of  most  oleomargarine.  In  applying 
the  method  to  the  identification  of  renovated  butter  much  care 
should  be  exercised,  for,  in  my  experience,  most  butters  will 
show  some  variation  in  the  field,  due  probably  to  a  slight  crystal- 
lization at  some  period  in  their  production,  and  it  is  rare  indeed 
to  find  a  sample  giving  the  uniformly  blank  field  implied  by 
Hummel's  plate  of  **  normal  butter.** 

The  method  certainly  deserves  mention  along  with  the  tests 
given  by  Hess  and  Doolittle,*  the  best  of  which  is  the '' spoon 
test**    (the   absence   of    froth  in   oleomargarine   or  renovated 

1  This  Journal,  aa,  150. 
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butter  when  heated  in  an  open  receptable)  which  has  been  in 
use  for  the  detection  of  oleomargarine  for  many  years,  and 
which  is  preferred  by  some  revenue  oflScers  to  the  microscope 
test.  C.  A.  Crampton. 

Laboratory  Oppicb  of  Intbrival  Rbvbnub,  U.  S.  Trbaburt 
Dbpartmbnt,  Wasbinoton,  D.  C. 


The    Analysis  of  Arsenical  Insecticides, — Since  sending   my 
article^  on  "  The  Adulteration  and  Analysis  of  the  Arsenical  In- 
secticides "  to  press  I  have  done  still  further  work  on  the  soluble 
arsenious  oxide  in  Paris  green,  and  find  that  although  an  extrac- 
tion of  I  gram  of  Paris  green  with  500  cc.  of  water  finally  gives 
practically  constant  results,  still  a  small  amount  of  cupric  oxide 
goes  into  solution  at  the  same  time,  thus  indicating  that  either 
the  Paris  green  itself  is  soluble  in  cold  water  or  breaks  up  slightly 
on  treatment  with  this  medium.     I  am  inclined  to  think  that 
this  last  assumption  is  the  more  likely,  since  the  amount  of  copper 
oxide  going  into  solution  in  the  500  cc.  of  water  is  not  constant. 
If  we  assume  then  that  the  Paris  green  breaks  up,  and  that 
for  a  certain  amount  of  copper  oxide  a  corresponding  amount  of 
arsenious  oxide  goes  into  solution,  the  figure  obtained  for  solu- 
ble arsenious  oxide  (without  taking  into  consideration  the  break- 
ing up  of  the  Paris  green  itself)  which  we  will  call  the  apparent 
per  cent,  of  arsenious  oxide,  will  not  represent  the  actual  per 
cent,  of  arsenious  oxide,  but  a  determination  of  the  copper  oxide 
dissolved  in  the  water  will  have  to  be  made,  and  after  calculating 
how  much  arsenious  oxide  this  corresponds  to,  the  resulting 
figure  will  be  subtracted  from  Wi^  apparent  per  cent,  of  arsenious 
oxide,  thus  leaving  the  actual  per  cent,  of  free  arsenious  oxide 
in  the  green.  • 

It  is  of  course  possible,  even  probable,  that  the  arsenious  and 
copper  oxides  of  Paris  green  do  not  go  into  solution  in  water  in 
the  same  proportion  that  they  are  present  in  the  original  com- 
pound, but  in  the  present  state  of  our  knowledge  it  seems  to  be 
the  most  plausible  assumption  that  they  do. 

The  determination  of  copper  oxide  is  made  by  precipitating  an 
aliquot  portion  of  the  500  cc.  of  cold  water  extract  with  hydro- 
gen sulphide,  filtering,  washing  and  drying  the  combined  sul- 

^  This  Journal,  »,  568. 
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phides  of  arsenic  and  copper,  burning  the  precipitate  and  filter 
with  powdered  sulpliur,  and  finally  weighing  as  the  mixed  oxide 
and  subsulphide  of  copper.  On  ten  samples  of  Paris  green  the 
following  results  were  obtained: 

Arsenious  oxide 
Apparent  per       Percent,  of       correspond!  ns:   Actaal  per  ceoL 
cent,  of  arsenions    copper  oxide     to  copper  oxide       ofarsenioos 
No.  oxide  extracted.        extracted.  extracted,    oxide  in  Paris  Green. 

1 5.81  0.80  1.50  4.31 

2 9.69  0.55  1.03  8.66 

3 4.60  0.70  1. 31  3.29 

4 4.60  0.60  1. 12  348 

5 4.1 1  0.65  1.21  2.90 

6 3.63  0.50  0.94  2.69 

7 7.75  1.35  2.53  5.22 

8 6.54  0.70  1.31  5.23 

9 10.65  0-45  0-84  9.81 

10 5.57  0.90  1.69  4.88 

J.  K.  Haywood. 


On  Carborundum,^— in  a  paper  on  carborundum  (carbide  of 
silicon),  read  at  the  World's  Congress  at  Chicago  in  1893,  and 
published  later  in  this  Journal/  there  appeared  in  the  second 
paragraph  the  following  statement : 

'*  It  is  an  American  invention,  having  been  discovered  by  Ed- 
ward H.  Acheson,  of  Monongahela  City,  Pa.,  who  carried  the 
invention  to  commercial  success  with  extraordinary  energy  in 
the  face  of  many  obstacles.'* 

As  a  part  of  the  discussion  at  the  close  of  the  paper,  I  asked 
the  author  if  he  was  aware  that  an  electric  furnace  pre- 
cisely similar  to  the  one  he  had  described  was  fully  protected  by 
letters  patent  issued  to  Messrs.  Eugene  H.  and  Alfred  H. 
Cowles,  in  1884.  I  further  asked  him  whether  the  author  was 
aware  that  in  1885,  the  substance  to  which  had  recently  been 
assigned  the  name  carborundum,  was  made  in  the  Cowles  fur- 
nace, and  that  specimens  of  this  material  could  be  found  in  sev- 
eral museums  throughout  the  country.  The  author  disclaimed 
any  knowledge  of  such  a  furnace,  or  that  any  such  material  bad 
been  produced  prior  to  that  produced  by  Mr.  Acheson. 

In  the  United  States  Circuit  Court  of  Appeals  for  the  Third 
Circuit   (Judges  Dallas,  Gray,   and  Bradford),  a  decision  has 

1  This  Journal,  15, 411. 


NEW   BOOKS.  707 

just  been  rendered  (May  28,  1900)  in  a  case  of  infringement,  in 
favor  of  the  patent  granted  to  A.  H.  and  E.  H.  Cowles,  Dec. 
24,  1884,  and  against  the  patent  of  B.  H.  Acheson,  alluded  to 
above. 

In  stating  the  ground  of  their  decision,  the  judges  make  the 
following  statement :     **  There  can  be  no  doubt  on  the  evidence 
that  prior  to  the  process  patent  in  suit  metallurgical  operations 
had  been  performed  through  the  instrumentality  of  the  electric 
arc,  electrical  conductors  consisting  of  wires  or  rods  of  metals, 
or  of  other  solid  or  concrete  bodies,  or  by  electrolysis.     But  on 
careful  examination  we  have  failed  to  find  any  patent,  publica- 
tion, or  other  matter  alleged  as  an  anticipation,  or  as  showing 
the  prior  art,  a  practical  process  for  metallurgical  or  analogous 
operations  involving  the  use  of  a  discrete  body  of  conductive, 
but  resistant  material  rendered  incandescent  by  the  passage  of 
an  electric  current,  and  mixed  or  otherwise  in  contact  with  the 
material  to  be  treated.     This  is  the  broad,  underlying  idea  of 
the.  process  patent  in  suit,  and  is  covered  by  its  claims.     The 
Messrs.  Cowles  were  the  first  to  invent  and  use  this  process, 
and  the  patent  must  be  sustained.     It  is  a  meritorious  one,  and 
its  claims  are  entitled  to  considerable  liberality  of  construction.** 
This  decision  gives  priority  broadly  to  the  Messrs.  Cowles  for 
reducing  ores  and  other  substances  by  the  incandescent  method. 

Charles  F.  Mabery. 

Clbvbx^nd,  June  s,  1900. 
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Thb  Chemistry  of  the  Metals.    By  J.  H.  Kastle.    Lexington,  1900. 
vi  +  198  pp.    8vo. 

The  author  of  this  book  admits  in  his  preface  that  the  number 
of  text- books  on  general  chemistry  is  so  great  that  **  the  burden 
of  proof  certainly  rests  upon  any  new  writer  who  ventures  into 
this  field  to  show  that  anything  new  in  this  line  is  deserving  of 
publication,"  and  makes  a  plea  for  the  fuller  study  of  the  metals, 
bodies  that  constitute  two-thirds  of  the  elements.  The  author 
says :  **An  attempt  has  been  made  to  supplement  the  laboratory 
work  on  each  family  of  metals  with  a  general  presentation  of  the 
subject  according  to  the  Periodic  Law.*' 

Chapter  I  opens  with  general  elementary  statements  as  to  the 
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differences  between  mixtures  and  compounds,  analysis,  S70th^ 
sis,  and  chemical  study  of  a  substance;  in  successive  chaptersare 
given  descriptions  of  the  metals  taken  by  families  and  by  groups 
so  as  to  avoid  unnecessary  duplication,  extending  from  the  alka- 
lies to  iron,  nickel,  and  cobalt.  Following  the  descnptive  por- 
tion of  each  chapter  are  sections  prescribing  ''Laboratory 
Work  ;'*  these  sections  consist  chiefly  of  series  of  qaestions and 
in  them  lies  the  principal  claim  to  originality  for  the  volume. 
The  queries  are  intended  to  make  students  think  for  themselves, 
but  sometimes  are  singularly  elementary ;  thus,  following  several 
pages  describing  the  character  of  the  metal  magnesium,  students 
are  asked — **  Is  magnesium  a  metal  ?"  **  Is  it  heavy  or  light?" 
**What  is  its  color?'*  (p.  47).  After  comparing  granite  and 
mercuric  oxide,  students  are  asked — **How  could  you  make 
mixtures  ?''  Yet  some  of  the  queries  are  difficult  and  would  ^^ 
quire  examination  of  larger  treatises. 

To  use  this  volume  for  instruction,  the  students  must  have 
previously  become  acquainted  with  the  gaseous  elements,  the 
principal  acids  of  inorganic  chemistry  and  the  rudiments  of  quali- 
tative analysis,  yet  the  primary  principles  of  chemistry  are  laid 
before  them  with  minutiae  that  would  seem  unnecessary  had 
they  mastered  them  previously.  At  the  same  time  students  are 
directed  to  make  certain  experiments,  and  the  instructions  given 
are  hardly  sufficient.  On  page  5,  for  example,  students  are  told 
to  heat  HgO  in  a  hard  glass  tube  and  to  collect  the  gas  evolved 
over  water,  but  how  to  arrange  this  is  not  mentioned,  nor  is 
there  any  wood-cut  of  apparatus  to  illustrate  the  operation ;  in- 
deed, illustrations  are  entirely  wanting  throughout  the  volume. 

A  blemish  in  the  manufacture  of  the  book  is  due  to  the  ca^^ 
lessness  of  the  printer  ;  paper  of  uniform  color  and  glaze  is  not 
used  throughout;  page  112  is  of  a  bluish  tint,  and  page  113  of 
a  decided  yellow  hue.     There  is  no  index. 

H.  Carrington  Bolton. 


ERRATA. 

In  Vol.  22,  page  573,  line  23,  for  '*  sodium  acetate  "read 
**  sodium  arsenate;*'  page  576,  line  28,  for  **  really"  read 
**  nearly.'' 
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THE  method  usually  used  for  the  determination  of  proteid 
nitrogen,  is  that  modification  of  the  Ritthausen  method 
proposed  by  A.  Stutzer,*  which  consists  in  precipitating  the 
proteids  with  copper  hydroxide,  and  determining  the  nitrogen  in 
the  precipitate.  This  method  has  been  adopted  by  the  Asso- 
ciation of  Official  Agricultural  Chemists,  and  is  in  use  by 
chemists  generally. 

Mallet'  has  recently  proposed  that  the  proteids  be  precipitated 
with  phosphotungstic  acid  at  90°  C,  using  in  addition  tannic 
acid  when  peptones  are  present. 

Wiley'  determines  the  proteids  in  animal  materials  by  precipi- 
tating them  with  bromine. 

The  work  here  to  be  described  is  a  study  of  the  applicability 
of  phosphotungstic  acid  and  bromine  as  precipitants  for  the  pro- 
teids of  vegetable  materials. 

^  Jour./.  Landw.,  a8,  103. 

s  Bull.  54,  Division  of  Chemistry,  U.  S.  Dept.  of  Agr. 

'  Bulletin  54,  Division  of  Chemistry,  U.  S.  Dept.  of  Agr. 
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THE  PHOSPHOTUNGSTIC  ACID  METHOD. 

The  method  as  proposed  by  Mallet  is,  briefly,  as  follows: 
The  sample  is  digested  with  hot  water,  filtered  on  a  nitrogen- 
free  filter,  and  washed  with  hot  water  containing  a  little  free 
acid  so  long  as  it  gives  up  soluble  matter  in  sensible 
amount.  It  is  not  advisable  to  use  hot  water  at  first  when  much 
starch  is  present.  The  filtrate  is  made  slightly  acid  with  acetic 
acid,  heated  to  about  90"^,  and  filtered.  To  the  second  filtrate 
an  acidified  solution  of  phosphotungstic  acid  is  added  so  long 
as  a  precipitate  continues  to  be  formed,  avoiding  any  large 
excess  of  reagent,  the  liquid  heated  to  about  90^,  filtered,  and 
the  precipitate  washed  with  water  of  about  the  same  temperature. 
The  nitrogen  in  the  precipitates  is  determined  by  the  Gunning- 
Kjeldahl  method,  and  calculated  to  proteids.  When  peptones 
are  present  they  are  precipitated  with  tannic  acid  from  the 
solution  which  has  been  acidified  with  acetic  acid.  When 
proteoses  are  present  it  may  be  well  to  make  a  check  deter- 
mination of  their  amount  by  saturation  of  the  aqueous  solution, 
after  acidification  with  acetic  acid,  heating  and  subsequent  cool- 
ing, with  zinc  sulphate,  and  determining  nitrogen  in  the  pr6 
cipitate*.  It  may  be  well  to  remove  fat  when  it  is  present  in 
large  quantity. 

METHOD   MODIFIED. 

The  method  above  described  involves  three,  or,  if  peptones 
are  present,  four  filtratiops,  which  make  it  very  long  and  tedious. 
The  object  of  the  precipitation  with  acetic  acid  is  to  reduce  the 
bulk  of  the  subsequent  phosphotungstic  acid  precipitate,  out  of 
which  the  amides  are  to  be  dissolved  by  hot  water.  Its  use  is 
unnecessary.  When  the  above  method  was  followed  it  was 
found  impossible  to  get  a  clear  filtrate  from  most  of  the  vegetable 
materials  tested,  although  various  modifications  were  tried.  At 
60*,  however,  no  such  diflSculty  was  encountered,  although  at  a 
slightly  higher  temperature — depending  on  the  material- 
turbidity  would  begin  to  appear.  It  was  also  found  that 
between  60°  and  100°,  a  considerable  portion  of  the  nitrogen  goes 
into  solution.  For  this  reason  the  temperatures  of  60**  and  100' 
were  selected  for  further  tests,  100**  giving  the  maximum  tur- 
bidity and  minimum  amount  of  nitrogen,  60''  the  minimum  of 
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turbidity,  x.  ^.,  a  clear  filtrate.  The  method  after  much  experi- 
mentation was  simplified  as  follows  :  i  .4  grams  of  the  substance 
in  a  beaker  were  stirred  well  with  100  cc.  water,  the  phospho- 
tungstic  acid  reagent  added  and  the  liquid  heated.  The  liquip 
was  kept  at  the  desired  temperature  (60^  or  100°)  for  fifteen  min- 
utes, filtered,  the  precipitate  washed  with  water  at  the  same 
temperature,  and  nitrogen  determined  in  it. 

The  reagent  used  was  a  5  per  cent,  solution  of  phospho- 
tungstic  acid  in  2.5  per  cent,  hydrochloric  acid  ;  5  cc,  were  used 
for  3  per  cent,  or  less  of  nitrogen,  10  cc.  for  6  per  cent.,  and  15 
cc.  for  9  per  cent. 

EFFECT  OF  REAGENT. 

In  dealing  with  vegetable  materials  it  was  found  impossible  to 
tell  when  a  slight  excess  of  the  phosphotungstic  acid  reagent 
bad  been  added.  The  following  results  were  obtained  by  using 
different  quantities  of  the  reagent,  and  heating  to  60^.  The 
figures  are  means  of  two  closely  agreeing  determinations. 

No.  I.  COTTONSBBD  MBAI«. 

Nitrogen. 
Per  cent 

10  CC.  reagent « 6.61 

30**        **        6.64 

50"        "        6.27 

No.  2.  Wheat  Bran.  • 

5  cc.  reagent 2.07 

10**        '*        2.08 

25"        *'        2.11 

45*'        **        2.09 

No.  3.  CowPEA  Meal. 

5  cc.  reagent 3.18 

10**        **        3.11 

25**        **        3.22 

45  "        "        3.17 

A  small  excess  of  reagent  does  not  affect  the  results.  A  very 
large  excess  affects  them  in  the  case  of  cottonseed  meal.  It 
seems  that  5  cc.  of  the  reagent  are  sufficient  for  any  vegetable 
material  containing  less  than  3  per  cent,  of  nitrogen,  10  cc.  for 
6.5  per  cent.,  and  15  cc.  for  9  per  cent. 

EFFECT  OF  TEMPERATURE. 

As  has  already  been  stated,  a  clear  filtrate  could  not,  as  a  rule. 


712  .  G.  S.  FRAPS  AND  J.  A.  BIZZEI^L. 

be  obtained  at  a  temperature  much  over  60°,  and  nitrogen  goes 
into  solution  between  60°  and  100*'.  In  cottonseed  meal  and 
wheat  bran,  the  greatest  amount  oi  solution  takes  place  between 
75"*  and  90°;  cottonseed  meal  gave  at  60°,  6.61  per  cent,  nitrogen; 
at  75*^,  6.58  per  cent.  ;  at  90**,  4.94  per  cent.  ;  at  100®,  4.22  per 
cent.  Wheat  bran  at  60''  gave  2.08  per  cent,  nitrogen;  at 75', 
2.01  per  cent.;  at  100*,  1.75  per  cent.  The  amount  of  nitrogen 
dissolved  between  60^  and  75°  is  very  small. 

In  ordej-  to  show  the  solvent  action  between  60**  and  100*,  the 
following  figures  are  given.  Of  the  nitrogen  precipitated  at  60', 
in  cottonseed  meal  (No.  i.),  36  per  cent,  goes  into  solution  at 
loo"* ;  another  sample  (No.  2.),  24  per  cent.  ;  still  another  (No. 
3.),  21  percent.;  cowpea  meal,  9  per  cent.  ;  green  peas,  7  per 
cent.  ;  soy  beans,  i8  per  cent.  ;  horn  meal,  9  per  cent. ;  linseed 
meal,  12  per  cent.  ;  and  dried  blood,  47  per  cent. 

Working  with  blood  at  100'',  it  was  found  that  5.97  percent 
(37.31  per  cent,  proteids)  goes  into  solution  between  60"  and 
100°.  This  sample  of  blood  contained  13.66  per  cent,  nitrogen, 
13-39  P^r  cent,  of  it  being  insoluble  in  water.  The  filtrate  froni 
100°  phosphotungstic  acid  method  was  clear,  and  remained  clear 
although  5.97  percent,  of  proteid  nitrogen  was  therein  dissolved. 
This  observation  threw  doubt  upon  the  basis  upon  which  the 
phosphotungstic  acid  method  is  founded;  namely,  that  the  phos- 
photungstic acid  precipitate  with  proteids  is  not  soluble  in  hot 
water.  This  statement  is  based  upon  the  observation  that  "  the 
supernatant  liquid  remained  clear  on  being  heated  along  with 
the  precipitate  and  subsequently  cooled".  The  following 
experiments  confirmed  this  suspicion,  and  proved  that  phospho- 
tungstic acid  does   not  completely  precipitate  proteids  at  90°  or 
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0-35  gram  of  the  materials  named  below  were  placed  in  a 
Kjeldahl  flask,  100  cc.of  water  and  5  cc.  of  the  phosphotungstic 
acid  reagent  added,  and  the  solution  heated  to  6o\  The 
solution  was  kept  at  this  temperature  for  fifteen  minutes,  filtered, 
washed  with  water  at  the  same  temperature,  and  nitrogen  deter- 
mined in  the  precipitate  by  the  Gunning  method.  Determinations 
were  also  conducted  at  90**  and  100°.  Those  at  90°  were  con- 
ducted as  the  others  except  that  the  filtration  was  proceeded 
with  as  soon  as  that  temperature  was  attained. 
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Nitrogen.  60"  Nitrogen.  90*    Nitrogen.  loo* 

Name                                   phosphotung-  phosphotung-   phosphotung- 

of                  Total               Stic  acid  stic  acid              stic  acid 

material.         nitrogen.             method.  method.              method. 

Per  cent  Per  cent.  Per  cent.  Per  cent 

Casein 14.12  14.24  13.24  13-34 

Blood  albumen  •  11.82  ii-74  11.26  9.92 

Kgg  albumen>  ••  12.42  12.58  12.38  11.90 

Haemoglobin."  13.40  12.82  11.28  9.20 

Blood  fibrin  •  •  •  •  13.94  13.62  ...  12.60 

Gelatin 14.98  ....  12.90  11.52 

It  'will  be  noted  that  in  every  case  the  proteid  precipitate  was 
partially  dissolved  when  it  was  heated.  The  phosphotungstic 
acid  reagent  therefore  is  of  no  value  for  precipitating  proteids  at 
90**  or  loo**.  At  60® — excepting  gelatin,  and  perhaps  haemo- 
globin,— the  proteids  seem  to  be  completely  precipitated. 

COMPARISON   OF   THE   MODIFIED   PHOSPHOTUNGSTIC   ACID  AND 

THE  STUTZER  METHODS. 

The  60°  phosphotungstic  acid  method  has  already  been 
described.  The  following  table  contains  some  results  obtained 
by  this  method  together  with  determinations  made  by  the  Stutzer 
method.     The  figures  are  means  of  two  determinations : 

Name  Nitrogen.  60'  Nitrog^en. 

of  Total  phosphotungstic  Stutzer 

material.  nitrogen.  acid  method.  method. 

Per  cent.  Per  cent.  Per  cent. 

Wheat  bran 2.20                    2.07  1.79 

Corn  bran 1.54                    1.48  1.38 

Waste  rape 3.57                    2.32  2.62 

Green  peas 1.76                    1.57  1.45 

Linseed  meal  2.86                    2.74  2.62 

Cottonseed  meal  No.  I  • .  6.80                    6.61  6.51 

No.  II  .  6.18                    6.24  6.17 

No.  III.  6.62                    6.48  6.42 

Dried  blood 13.66  12.82  13.00 

Soybeans 6.15                    5.90  5.97 

Horn  meal 14.70  13.50  13.00 

Cowpea  meal 3.32                    3.18  3.19 

It  will  be  noted  that  this  method  gives  results  which  are,  as  a 
rule,  almost  identical  with  those  by  the  Stutzer  method, 
although  slightly  higher.  The  mean  difference  is  +0.06  per 
cent.,  with  a  maximum  of  +0.50  per  cent.,  and  a  minimum  of 
— 0.30  per  cent.  Neither  method  gives  good  results  with  blood ; 
the  filtrate  from  blood  by  the  60°  phosphotungstic  acid  method 
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contained  0.57  per  cent,  water- insoluble  nitrogen,  and  gave  a 
reaction  (with  copper  sulphate  and  caustic  soda)  for  proteids, 
and  the  copper  hydroxide  dissolved  0.39  per  cent,  of  water- 
insoluble  protein.  With  regard  to  the  other  materials  it  is 
impossible  to  say  which  method  is  correct.  The  Sd"  method 
promises,  however,  to  be  of  value.  It  is  possible  that  the  deter- 
mination might  be  carried  on  at  a  slightly  higher  temperatme 
than  this,  but  hardly  over  80^  in  any  case. 

PRECIPITATION   WITH,  ZINC  SUI^PHATE. 

A  comparison  was  made  between  the  nitrogen  precipitated  by 
zinc  sulphate  and  that  by  the  other  methods  on  a  few  materials. 
The  method  was  as  follows:  1.4  grams  of  the  substance  were 
heated  with  100  cc.  of  water  to  boiling,  allowed  to  cool,  2  cc.  of 
dilute  sulphuric  acid  (1:4)  and  140  grams  crystal- 
lized zinc  sulphate  added.  It  was  allowed  to  stand  a  day  or 
more,  with  frequent  stirring,  filtered,  and  washed  with  a  satu- 
rated solution  of  zinc  sulphate  containing  i  cc.  of  the  dilate 
acid  in  50  cc. 

Name  Nitrogen  Nitrogen.  Nitrogen.  6or 

of  insoluble  in  Stutter  phosptaotuni^Cic 

material.  zinc  sulphate.  method.  acid  metfaod. 

Per  cent  Per  cent.  Per  cent 

Cottonseed  meal 6.45  6.51  6.61 

Soybeans 6.07  5.97  5.90 

Blood 13.48  13.00  12.82 

Cowpea  meal .  •  -  • 3.26  3.19  3.18 

The  results  are  higher  than  by  the  other  methods  in  three  of 
the  four  cases,  and  seem  to  point  to  the  Stutzer  method  as  being 
more  nearly  correct. 

EXTRACTION   OF  WATER-SOLUBLE   NITROGEN. 

Extraction  of  a  vegetable  material  with  hot  water  sometimes 
gives  discordant  results,  as  was  the  case  with  cottonseed  meal. 
The  extraction  was  performed  as  follows  :  i  .4  grams  were  placed 
in  a  beaker  with  50  cc.  water,  stirred  well,  and  allowed  to  stand 
one  hour.  The  liquid  was  decanted  through  a  filter,  50  cc 
water  added  to  the  residue  in  the  beaker,  heated  to  boiling, 
filtered,  and  the  residue  washed  with  boiling  water.  The 
undissolved  nitrogen  was,  in  case  (a)  4.54  and  4.68  per  cent, 
mean  4.61  per  cent. ;  in  case  (b)  (6  months  later)  4.12  and  4.22 
per  cent.,  mean  4.17  per  cent. ;  and  case  (c)  (volume  of  filtrate 
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less  than  in  case  (*))  5.55  and  5.67  per  cent.,  mean  5.61  per 
cent.  There  is  thus  a  variation  of  1.44  per  cent,  of  nitrogen,  or 
9  per  cent,  of  protein.  It  is  quite  possible  that  had  the  extract- 
ing water  been  slightly  acid  the  results  would  have  been  more 
uniform. 

THE  BROMINE  METHOD. 

Rideal  and  Stewart*  have  proposed  to  use  bromine  as  a  precipi- 
tant for  gelatin.     Allen  and  Searle'  applied  the  method  to  the 
analysis  of  meat  extracts.     Wiley'  has  proposed  the  following 
method  for  the  determination   of    proteids  in  animal  matters. 
About  I  gram  of  the  dried  animal  matter  is  washed  with  ether 
by  decantation,  using  from  50  cc.  to  100  cc.  ether,  and  decanting 
through  a  filter  which  is  to  receive  the  portion  insoluble  in  hot 
water.     After  allowing  the  ether  to  evaporate,  the  sample  is 
washed  by  decantation,  first  with  cold  water  and  then  with  hot 
water,   the  total  filtrate  being  from   300  cc.  to  400  cc.     The 
undissolved  residues  are  brought  on  the  filter  with  the  last  por- 
tions of  water  and  the  nitrogen  in  the  residues  determined  by 
the  Gunning-Kjeldahl  method.     The  filtrate  from  the  insoluble 
portions  is  received  in  Kjeldahl  flasks,  acidulated  with  2  or  3 
drops  of    strong    hydrochloric   acid,  and  then   about  2  cc.  of 
liquid  bromine  are  added,  and  the  contents  of  the  flask  shaken 
vigorously.     Bromine  is  added  until  about  0.5  cc.  remains  undis- 
solved and  the  supernatant  liquid  is  thoroughly  saturated.     After 
standing  over  night,  it  is  filtered  and  washed  by  decantation, 
the  globule  of  bromine  serving  to  saturate  the  wash-water.     The 
filter  with  the  precipitate  is  returned  to  the  flask  in  which 
precipitation  has  taken  place,  and  the  nitrogen  therein  deter- 
mined by  the  Gunning  method. 

METHOD   MODIFIED. 

After  some  experimentation  the  method  above  described  was 
modified  for  vegetable  materials  as  follows :  200  cc.  of  water 
were  added  to  1.4  grams  of  the  substance  in  a  Kjeldahl  flask, 
heated  to  boiling,  and  allowed  to  cool.  It  was  then  acidified 
with  hydrochloric  acid,  and  bromine  added  until  a  small  globule 
remained   undissolved,  the  liquid  allowed  to  stand  over  night, 

1  Analyst,  22,  338. 

s  Ibid.,  la,  258. 

s  Bulletin  54,  Division  of  Chemistry,  U.  S.  Dept  of  Agr. 
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filtered,  and  the  precipitate  washed  by  decantation,  keeping  the 
wash-water  saturated  with  bromine.  The  filter  and  precipitate 
were  returned  to  the  flask,  and  the  nitrogen  therein  determined 
by  the  Kjeldahl  method. 

COMPARISON  OP  THE  BROMINE  AND  STUTZER  METHOD. 

Proteid  nitrogen  was  determined  in  a  number  of  materials  by 
the  method  just  described,  and  the  results  compared  with  those 
obtained  by  the  Stutzer  method.  The  following  table  contains 
the  results: 

Name  of  Nitrogren.  Nitto^en. 

material.  Stutzer  method.  Bromine  metbod. 

Per  cent.  Per  cent. 

Com  silage 0.68  0.67 

Crabgrass  hay 1.38  1.51 

Green   peas 1.45  1.25 

Cattail  millet 1.34  i.io 

Linseed  meal 2.62  2.37 

Corn   bran 1.38  i.ii 

Wheat  bran 1.79  1.51 

Dried  blood 13.00  12.53 

Cowpea  meal 3.19  2.53 

Sheep  excrement 2.79  2.13 

Soy  beans 5.97  5.23 

Green  rape 2.62  1.84 

The  bromine  method  is  not  applicable  in  the  case  of  cottonseed 
meal.  In  one  case  the  meal  was  extracted  with  water,  and  the 
extract  gave  a  precipitate  which  settled  almost  immediately  and 
contained  0.51  per  cent,  nitrogen.  A  duplicate  determination 
gave  a  turbid  liquid,  which  would  not  filter  clear  after  standing 
over  night,  and  when  the  precipitate  finally  settled  it  yielded 
only  o.io  per  cent,  nitrogen.  When  the  meal  was  treated 
directly  with  bromine  a  turbid  liquid  was  formed  which  refused 
to  filter  clear  and  the  precipitate  contained  varying  amounts  of 
nitrogen.  The  results  by  the  bromine  method  with  two  excep- 
tions, are  lower  than  with  the  Stutzer  or  the  phosphotungstic 
acid  methods.  Until  it  has  been  proved  that  bromine  precipi- 
tates all  vegetable  proteids  quantitatively,  which  is  doubtful, 
this  method  must  be  condemned. 

THE   STUTZER   METHOD. 

The  Stutzer  method  used  in  this  work  is  as  follows  :  place  0.7 
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gram  of  the  substance  in  a  beaker,  add  loo  cc.  water,  heat  to 
boiling,  or,  in  case  of  substances  rich  in  starch,  heat  on  the 
water- bath  ten  minutes;  add  a  quantity  of  copper  hydroxide 
mixture  containing  about  0.5  gram  of  the  hydroxide;  stir 
thoroughly,  filter  when  cold,  wash  with  cold  water  and  without 
removing  the  precipitate  from  the  filter,  determine  nitrogen 
adding  sufficient  potassium  sulphide  solution  to  completely  pre- 
cipitate all  copper  and  mercury.  If  the  substance  examined 
consists  of  seeds,  or  seed  residues,  or  anything  else  rich  in 
alkaline  phosphates,  add  a  few  cubic  centimeters  of  a  concen- 
trated solution  of  alum  before  adding  the  copper  hydroxide  and 
mix  well  by  stirring. 

Several  objections  have  been  made  to  this  method.  It  has 
been  stated^  that,  in  some  cases,  working  with  a  proteid  alone, 
the  copper  compound  underwent  partial  solution,  a  blue  liquid 
being  formed,  although  care  had  been  taken  to  avoid  the  pres- 
ence of  free  alkali.  The  proteids  acting  in  this  way  were  not 
named.  Another  objection  has  been  founded  on  **the  very 
slight  solubility  of  the  copper  salts  of  some  of  the  simpler 
amido-acids,  especially  leucin  and  glutamic  acid ;  in  a  less 
degree  the  same  statement  applies  to  aspartic  acid.  Even  at 
the  temperature  of  boiling  water  the  copper  compounds  of  these 
substances  are  but  very  sparingly  soluble,  and  if  the  liquid  after 
digestion  with  cupric  hydroxide,  be  filtered  cold,' the  compounds 
in  question  will,  if  present,  be  almost  certainly  left  on  the  filter 
along  with  the  proteid  material.*' 

Laszczynski'  also  states  that  copper  hydroxide  precipitates  the 
albumen  of  wort  and  beer  completely,  but  also  partly  precipi- 
tates the  albumoses  and  amides. 

The  copper  salt  of  leucin  is  soluble  in  3,045  parts  of  cold 
water  and  1,460  parts  of  boiling  water  (Beilstein).  When  0.7 
gram  of  the  substance  and  100  cc.  of  water  are  used,  for  any  of 
this  salt  to  remain  on  the  filter,  0.033  gr^tn  must  be  present,  or 
0.026  gram  of  leucin  (since  it  contains  19.5  per  cent,  copper) 
which  would  be  3.7  per  cent.  The  copper  salt  of  glutamic  acid 
is  soluble  in  3,400  parts  of  cold  water  and  400  parts  of  boiling 
water,  and  0.029  gram  must  be  present  before  any  will  separate 

1  Bulletin  54,  Division  of  Chemistry,  U.  S.  Dept.  of  Agr. 

t  Bulletin  46,  Division  of  Chemistry,  U.  S.  Dept.  of  Agr.  (1895),  p.  ^15. 

'  Analyst  (Abs.),  34,  184. 
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from  100  cc.  water,  equal  to  0.022  gram  glutamic  acid,  or  3.1 
per  cent.  The  solvent  action  of  wash-water  is  left  out  of 
consideration. 

When  the  material  contains  less  than  3.7  per  cent,  leucin,  or 
3.1  per  cent,  of  glutamic  acid,  there  is  no  danger  of  the  amide 
separating  in  the  cold.  But  the  limits  are  much  higher  than 
these.  The  solubilities  above  noted  are  for  the  pure  salts  in 
pure  water.  E.  Schulze^  emphasizes  the  fact  that  the  copper 
salts  of  these  amides  are  much  more  soluble  when  impurities 
are  present.  While  the  copper  salts  of  aspartic  acid  and 
glutamic  acid  separate  quickly  from  a  pure  solution,  from  a 
mixture  of  the  two  they  separate  very  slowly,  or  not  until  the 
liquid  has  been  evaporated. 

It  is  probably  better,  however,  to  conduct  the  determination 
in  a  hot  solution. 

It  has  also  been  objected  to  this  method,  that  albumoses  are 
not  precipitated.  This  objection  might  be  overcome  by  the  use 
of  tannic  acid  to  precipitate  them.  The  tannic  acid  should  be 
used  after  the  precipitation  with  copper  hydroxide.  It  is  only 
in  rare  cases  that  its  use  would  be  necessary.  Qualitative  tests 
with  tannic  acid  were  made  on  the  filtrates  from  cottonseed 
meal,  wheat  bran,  cowpea  meal,  com  bran,  cattail  millet,  ex- 
crement from  crabgrass  hay,  waste  rape,  excrement  from  waste 
rape,  and  com  silage.  A  small  precipitate  was  formed  in  all  cases 
except  with  cattail  millet  and  corn  silage.  The  precipitate  from 
cowpea  meal  and  corn  bran  dissolved  when  the  liquid  was  heated, 
reappearing  on  cooling.  A  repetition  of  the  experiment  showed 
that  the  precipitate  did  not  always  appear  with  the  same 
material.  A  determination  of  nitrogen  in  the  precipitate  from 
cottonseed  meal  gave  0.03  per  cent. — ^practically  none. 

CONCLUSIONS. 

Phosphotungstic  acid  does  not  precipitate  proteids  completely 
at  90"*  or  100**. 

Phosphotungstic  acid  at  60**  precipitates  very  nearly  the  same 
quantity  of  nitrogen  (with  vegetable  materials)  as  copper  hy- 
droxide. 

Extraction  of  proteids  with  hot  water  does  not  always  give 
concordant  results. 

1  Landw.  Versuch-Stat.y  6,  aao  (1880). 
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Bromine  is  not  a  suitable  precipitant  for  proteids  in  vegetable 
materials. 

The  Stutzer  method  seems  to  be  the  method  open  to  the  fewest 
objections. 

Acknowledgment  is  due  Mr.  H.  W.  Primrose,  formerly  assis- 
tant chemist,  for  assistance  in  the  analytical  work. 

The  above  investigation  was  carried  out  in  the  laboratory  of 
the  North  Carolina  Agricultural  Experiment  Station  with  the 
permission  of  Professor  W.  A.  Withers,  chemist. 


DETERfllNATION  OF  CARBON  IN  FERROCHROHE. 

By  a.  a.  Blair. 
Recelred  Aug^ust  14,  1900. 

THE  method  in  general  use  for  the  determination  of  carbon 
in  ferrochrome  may  be  briefly  described  as  follows : 
Place  I  gram  of  the  finely  ground  ferrochrome  in  a  porcelain  or 
platinum  boat  with  25  grams  of  fused  potassium  bisulphate  and 
insert  the  boat  in  a  porcelain  tube  in  a  gas  furnace.  Pit  each 
end  of  the  tube  with  a  rubber  stopper  carrying  a  glass  tube,  and 
fill  the  forward  part  of  the  tube  with  lumps  of  cupric  oxide. 
Connect  the  tube  in  the  forward  stopper  with  a  U-tube  contain- 
ing strong  sulphuric  acid  and  chromic  acid,  a  second  U-tube 
containing  dry  pumice,  a  third  containing  dried,  not  fused,  cal- 
cium chloride,  the  weighed  absorption  apparatus,  and  a  guard 
tube.  Connect  the  tube  in  the  rear  stopper  with  sources  of  puri- 
fied oxygen  and  air.  Start  the  oxygen  through  the  apparatus 
and  heat  the  tube  carefully,  beginning  at  the  forward  end  which 
contains  the  oxide  of  copper^  until  the  entire  length  of  the  tube 
inside  the  furnace  is  at  a  dull  red  heat  in  order  to  fuse  the  con- 
tents of  the  boat.  Replace  the  oxygen  with  air,  detach  and 
weigh  the  absorption  apparatus. 

This  does  not  seem  very  troublesome,  but  in  practice  several 
difficulties  arise  that  make  the  method  not  only  unsatisfactory, 
but  very  unreliable. 

The  sulphuric  acid,  both  that  evolved  from  the  potassium  bi-  i 

sulphate  as  sulphuric  acid,  and  that  evolved  as  sulphurous  acid 
and  oxidized  to  sulphuric  acid  by  the  oxide  of  copper  and  oxy- 
gen, acts  on  the  rubber  stoppers  and  sometimes  carbonizes  them  | 
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sufficiently  to  give  results  several  times  greater  than  the  actual 
carbon  content  of  the  ferrochrome.  The  spattering  of  the  bisul- 
phate,  no  matter  how  carefully  the  heat  is  applied,  generally 
covers  the  inside  of  the  tube  around  the  boat  and  cements  boat 
and  tube  together.  The  absorption  of  sulphuric  acid  by  the 
oxide  of  copper  causes  the  latter  to  swell,  usually  breaking  the 
tube  in  the  second,  and  sometimes  while  it  is  cooling,  in  the  first 
determination. 

To  avoid  these  difficulties  and  sources  of  error,  I  have  devised 
the  apparatus  shown  in  the  cuts. 

Fig.    I   shows  the  platinum  boats  and  cover.     The  smaller 
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Fig.  I. 

boat,  150  mm.  long  and  25  mm.  wide,  fits  inside  the  larger  and 
the  cover  is  so  arranged  that  any  particles  from  the  melting 
mass  thrown  on  it  run  into  the  larger  boat  and  thus  keeps  the 
tube  itself  perfectly  clean. 

The  platinum  tube,  shown  also  in  Pig.  i,  is  400  mm.  long 
and  30  mm.  in  diameter  and  is  closed  with  a  ground  joint  at  the 
rear.  The  forward  end  for  a  distance  of  75  mm.  is  contracted 
to  12  mm.  and  filled  with  platinized  asbestos.  It  is  then  further 
contracted  to  6  mm.  in  diameter,  and  a  piece  of  glass  tubing  filled 
with  glass  beads  is  fused  to  it  after  it  is  bent  downwards  at  an  angle 
of  90°.  The  platinized  asbestos  facilitates  the  oxidation  of 
the  sulphurous  acid  evolved  from  the  fused  mass.  The 
plugs  are  made  of  pumice  wrapped  with  platinum  foil,  and  are 
pushed  in  after  the  boat.  They  serve  to  fill  the  back  end  of  the 
tube  and  prevent  the  diffusion  of  the  evolved  gases  and  conse- 
quent condensation  of  sulphuric  acid  around  the  ground  joint. 
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Fig.  2  shows  the  general  ar- 
rangement of  the  apparatus.  The 
purifying  apparatus  for  oxygen 
and  air  is  shown  in  detail  in  Fig. 
3.  The  tubes  A  and  B  contain 
respectively  potassium  hydrox- 
ide and  concentrated  sulphuric 
acid .  It  is  almost  impossible  with 
this  form  of  tube  to  throw  out 
the  contained  liquid  either  for- 
wardorbackward.  InFig.2,  Ais 
the  platinum  tube,  and  B  the  glass 
tube  containing  beads  fused  to 
the  contracted  end  of  the  plati- 
num tube  at  C.  D,  D  are  glass 
flasks  containing  a  solution  of 
150  grams  of  chromic  acid  and 
300  cc.  of  strong  sulphuric  acid  to 
the  liter.  These  flasks  stand  on 
a  copper  plate  and  are  heated 
by  a  Bunsen  burner.  The  solu- 
tion serves  to  oxidize  any  sulphu- 
rous acid  that  may  have  escaped 
oxidation  in  the  contracted  part 
of  the  platinum  tube.  E  is  a  U- 
tnbe  filled  with  glass  beads,  and 
acts  as  a  condenser ;  F  contains 
pumice  saturated  with  chromic 
acid,  and  G  contains  dried  cal- 
cium chloride.  The  absorption 
apparatus  and  guard  tube  follow. 
The  latter  is  connected  by  a  rub- 
ber tube  with  the  gasometer, 
shown  in  the  cut,  which  acts  as 
an  aspirator  and  serves  to  relieve 
the  pressure  in  the  apparatus, 
which,  on  account  of  the  conden- 
sation of  strong  sulphuric  acid 
in  the  tube  B  and  the  high  spe- 
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cific  gravity  of  the  liquid  in  the  Sasks  D,  D,  would  otherwise  be 
excessive.  The  details  of  this  connection  are  shown  in  Fig.  4. 
The  method  is  as  follows :  Place  35  grams  of  pare  potassium 
hisulphate  in  the  small  boat  (Fig.  i),  and  fuse  it  over  a  Bansen 
burner  or  blast-lamp  to  destroy  any  carbonaceous  matter  and 
allow  it  to  cool.  When  cold  spread  i  gram  of  the  finely  giumid 
sample  evenly  over  the  surface  of  the  fused  mass,  place  the  boat 


inside  the  larger  boat,  arrange  the  cover,  place  the  boats  in  the 
tube,  insert  the  plugs  and  close  the  tube  with  the  ground  joint. 
Connect  the  apparatus  as  shown  in  Fig.  3,  and  start  a  slow  cur- 
rent of  oxygen  through  the  apparatus.  Light  the  burners  under 
the  forward  end  of  the  tube  which  contains  the  platinized  asbes- 
tos, and  when  this  is  red  hot  light  the  burner  under  the  forward 
end  of  the  boat  and  light  the  others  successively  until  the  tube 
is  red  hot  for  its  entire  length  where  the  boat  rests.  Keep  the 
tube  hot  for  twenty  minutes,  replace  the  oxygen  with  air,  tain 
out  the  lights,  allow  the  air  to  run  about  thirty  minutes  and  de- 
tach and  weigh  the  absorption  apparatus  with  the  usual  pre- 
cautions. 

As  a  large  amount  of  sulphurous  acid  is  produced  it  is  neces- 
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sary  to  heat  the  tube  very  gradually  in  order  to  keep  an  excess 
of  oxygen  in  the  tube  to  oxidize  all  the  sulphurous  acid.  As 
the  sulphuric  anhydride  does  not  condense  readily,  a  slow  cur- 
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rent  of  gas  is  requisite,  and  a  combustion  requires  about  two 
hours  and  a  half. 

At  the  end  of  the  operation  the  tube  is  opened  and  the  plugs 
and  boats  removed.  The  fused  mass  is  readily  removed  from 
the  boats  which,  with  the  cover,  are  washed  and  ignited,  ready 
for  another  combustion.  About  three  determinations  can  be 
made  in  a  day.  Duplicate  determinations  agree  within  o.oi  per 
cent. 


[Contribution  from  the  John  Harrison  I^aboratory  of  Chemistry, 
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THE  ELECTROLYTIC  OXIDATION  OF  TOLUENE. 

Bt  Aaron  Mbrzbachbr  and  Sx>oar  P.  Smith. 
Receired  September  7,  igoo. 

THE  oxidation  of  toluene  by  electrolytic  oxygen  has  been 
tried  by  Jos.  H.  James.*  The  products  were  a  minute 
quantity  of  liquid,  with  an  ester-like  odor,  and  a  resin,  together 
with  unaltered  toluene. 

Our  attention  has  been  attracted  to  this  interesting  subject  and 
we  have  repeated  the  experiments,  varying  the  conditions,  of 
course,  with  the  hope  of  finally  changing  the  methyl  side-chain 
to  carboxyl. 

The  apparatus  used  in  the  electrolysis  was  similar  to  that 

1  This  Journal,  sz,  890. 
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generally  employed  in  electrolytic  oxidations :  a  large  beaker 
glass  in  which  stood  a  porous  cup  containing  the  anode  liquor, 
and  separating  it  from  the  cathode  liquor.  The  porous  cup  was 
provided  with  a  rubber  stopper,  carrying  a  condenser.  The 
cathode  liquor  was  either  a  15  per  cent,  acid  or  alkali  solation 
Ordinary  alcohol  served  as  solvent  for  the  toluene. 

Experiment  i, — The  conditions  were  as  follows : 

Toluene 10  grams. 

Concentrated  sulphuric  acid 5  cc. 

Water 50  cc. 

Alcohol 150  cc. 

N.D.ioo I.I  A. 

Volts 3.7 

Temperature 40°  C. 

Time 7  hours. 

As  the  action  progressed  the  liquor  assumed  a  dark  yellow 
color.  Upon  examination,  at  the  expiration  of  the  oxidation 
period,  unaltered  toluene  and  a  little  resin  were  found  present. 

Experiment  2, — Acetone  was  substituted  for  the  alcohol  and 
the  conditions  were : 

Toluene 10  grams. 

Concentrated  sulphuric  acid 5  cc. 

Water 75  cc. 

Acetone 175  cc. 

N.D.ioo I.I  A. 

Volts 3.5 

Temperature 35^ 

Time 6  hours. 

The  anode  liquor  was  carefully  searched  for  new  products: 
toluene  and  a  little  resin  represented  all  that  could  be  discovered. 

Experiment  ^, — An  alkaline  liquor  was  substituted  for  the  acid 

of  the  two  preceding  experiments.     The  conditions  were: 

Toluene 10  grams. 

Alcohol no  cc. 

Water 50  cc. 

Sodium  carbonate 5  grams. 

N.D.IOO 0.54  A. 

Volts 14 

Temperature 40^  C. 

Time 3  hours. 

Carbon  dioxide  was  conducted  through   the  cathode  liquor 
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during  the  experiment.     Very  little  of  the  toluene  was  changed. 

Resin  was  formed  but  nothing  definite  could  be  extracted  from  it. 

Experiment  4. — A  return  to  an  acid  solution  will  be  observed 

in  this  experiment.     Larger  quantities  of  material  were  also  used. 

The  conditions  were : 

Toluene 55  grams. 

Alcohol  190  cc. 

Concentrated  sulphuric  acid 15  cc. 

Water 15  cc. 

N.D.ioo 1.1-1.6A. 

Volts 5-26 

Temperature 20^-33®  C. 

Time 12  hours. 

The  anode  liquor  had  the  odor  of  benzaldehyde,  and  appar- 
ently that  of  ethyl  benzoate.  Three  grams  of  resin  were  obtained. 
The  fraction,  boiling  at  about  213®  C,  was  saponified  with  caus- 
tic potash,  and  the  solution  acidified  with  hydrochloric  acid. 
The  product,  which  separated,  was  recrystallized  from  ether.  It 
melted  at  121°  C,  and  showed  the  characteristic  tests  of  benzoic 
acid.  The  oxidation  of  toluene  to  benzoic  acid  had,  therefore, 
really  taken  place,  but  in  the  presence  of  sulphuric  acid  and 
alcohol,  ethyl  benzoate  (b.  p.  213°)  was  formed.  The  quantity 
of  the  latter  was  not  very  great.  The  oxidation  was  far  from 
being  quantitative. 

Another  fraction,  obtained  from  the  anode  liquor,  boiled  at 
iio^-iQO®.  Phenylhydrazine  was  added  to  it.  The  hydrazone, 
which  separated,  was  purified,  when  it  melted  at  150**,  the  melt- 
ing-point of  the  hydrazone  of  benzaldehyde. 

Additional  experiments  were  made ;  the  products  were  resitty 
benzaldehyde^  and  ethyl  benzoate.  The  tests  for  the  last  two  bodies 
were  unmistakable.  The  gases  evolved  in  these  oxidations 
were  carbon  dioxide  and  oxygen. 

The  oxidation  of  ethyl  benzene,  under  conditions  similar  to 
those  last  mentioned  for  toluene,  gave  some  resin,  ethyl  benzoate, 
benzaldehyde,  and  a  small  fraction  containing  an  aldehyde  other 
than  the  latter,  but  in  such  slight  amount  that  it  could  not  be 
definitely  identified. 

It  is  proposed  to  attempt  the  electrolytic  oxidation  of  the 
xylenes  and  of  mesitylene. 

Univebsity  op  Pennsylvania. 
22-22 
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LECTURE  EXPERIMENTS  ILLUSTRATING  THE  ELECTRO- 

LYTIC  DISSOCIATION  THEORY  AND  THE  LAWS 

OF  THE  VELOCITY  AND  EQUILIBRIUM 

OF  CHEMICAL  CHANGE. 

Bt  a.  a.  Noybs  and  a.  a.  Blaxchard. 

Received  September  90, 1900. 

INTRODUCTION. 

THE  experiments  to  be  described  in  this  paper  were  originailj 
devised  as  an  accompaniment  to  an  extended  course  of 
lectures  on  theoretical  chemistry/  Most  of  the  principles  illus- 
trated are,  however,  of  such  fundamental  importance  that  thej 
must  soon  be  generally  introduced  even  into  elementary  lecture 
courses  on  inorganic  and  analytical  chemistry  ;  and  it  is  the  hope 
of  the  authors  that  this  series  of  experiments  will  not  only  be  of 
assistance  to  teachers  of  theoretical  chemistr>-,  but  will  also  serve 
in  some  degree  to  hasten  and  facilitate  the  introduction  of  instruc- 
tion in  the  principles  of  chemical  equilibrium  and  of  electrolytic 
dissociation  into  the  elementary  courses. 

A  few  lecture  experiments  of  a  somewhat  similar  character 
have  been  previously  published.  Those  of  Kiister,*  and  of  Lash 
Miller  and  Kenrick,'  may  be  specially  referred  to. 

The  experiments  are  presented  below  in  the  form  belie\'ed  to 
be  most  convenient  for  those  desiring  actually  to  perform  them. 
They  are  described  in  great  detail,  with  the  hope  of  saving  others 
the  large  amount  of  time  which  has  been  expended  in  the  attempt 
to  find  the  best  conditions  for  rapid  and  effective  lecture  demon- 
strations. It  is,  nevertheless,  true  that  a  slight  accidental  varia- 
tion in  one  of  the  conditions,  such  as  the  dimensions  of  the  appa- 
ratus employed,  the  temperature,  or  the  concentration  of  the 
substances,  may  make  modifications  necessary  ;  it  is,  therefore, 
of  course,  advisable  to  try  the  experiments  before  the  lecture. 

1  Many  of  these  experiments  were  shown  in  a  lecture  on  '*  Some  Appticatioas  of  the 
Electrolytic  Dissociation  Theory"  given  before  the  American  Chemical  Sodety  it  its 
Columbus  Meeting:.  ^ 

>  ^tschr.  EleUtochem.^  4,  105. 

s  This  Journal,  as,  391-300;  See  also  Jones  and  Allen :  Am.  Chem.J.,  z8,  377;  sadSticf- 
litz :  Jbid.^  23, 404. 
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The  principles  illustrated  have  been  stated  as  briefly  as  possible 
in  a  non-mathematical  form :  in  spite  of  the  familiarity  of  these 
principles,  it  has  seemed  desirable  to  state  them  explicitly,  in 
order  to  make  clear  the  exact  significance  of  each  experiment. 

PART  I.— ELECTROLYTIC  DISSOCIATION. 

EXPERIMENT  I. 

Principle  Illustrated. — The  physical  properties  of  dilute  aqueous 
salt  solutions  are  additive,  being  dependent  on  the  nature  of  the 
metal  and  of  the  acid  component  of  the  salt,  but  not  on  their 
mutual  relations.  Since  most  salts  in  moderately  dilute  aqueous 
solution  are,  according  to  the  dissociation  theory,  almost  com- 
pletely dissociated  into  their  ions,  all  properties  of  such  solutions 
must  be  the  resultant  of  the  properties  of  the  solvent  and  of  the 
separate  ions,  each  ion  having  a  definite  influence  which  is  inde- 
pendent of  the  nature  of  the  other  ion  simultaneously  present 
and  of  that  of  the  undissociated  salt  from  which  it  originated.  This 
principle  is  best  illustrated  in  the  case  where  one  of  the  ions  has 
a  characteristic  property,  such  as  color,  not  possessed  at  all  by 
the  other  ion.  Thus,  all  the  salts  of  a  metal  whose  ion  is  colored 
must  have  the  same  color  in  dilute  aqueous  solution,  provided 
the  negative  ion  of  the  salt  is  colorless,  however  different  may 
be  the  colors  of  the  undissociated  salts.  The  colors  of  the  latter 
may  be  shown,  either  in  the  solid  state,  or  in  a  concentrated 
alcoholic  solution. 

Preparation  of  the  Experiment, — Dissolve  60  grams  of  powdered 
CoCl,.6H,Oand  73  grams  of  Co(NO,),.6H,0  each  in  100  cc.  of 
alcohol,  thus  making  a  fivefold  normal  solution  of  each  salt. 
Dissolve  27  grams  of  anhydrous  cupric  chloride  (made  by  heat- 
ing the  blue  crystals  in  a  porcelain  dish  over  a' free  flame)  and 
48  grams  of  Cu(NOj),.3HjO,  each  in  100  cc.  of  absolute  alcohol, 
thus  making  a  fourfold  normal  solution  of  each  salt.  Pass  into 
the  cupric  chloride  solution  a  few  cubic  centimeters  of  dry  hydro- 
chloric acid  gas.  Place  20  cc.  of  each  of  these  solutions  in  four 
large .  test-tubes.  Provide  also  distilled  water,  concentrated 
ammonia,  and  20  cc.  of  concentrated  potassium  cyanide  solution. 

Experiment, — Add  100  cc.  of  cold  water  to  each  of  the  four 
solutions.     Tlien  add  20  cc.  of  ammonia  to  one  of  the  copper 
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solutions^  and  20  cc.  of  concentrated  potassium  cyanide  solution 
to  one  of  the  cobalt  solutions. 

Observations. — The  alcoholic  solutions  of  cobalt  chloride  and 
nitrate  are  deep  violet-blue  and  purplish  red,  respectively,  but 
become  of  the  same  shade  of -pink  after  dilution  with  water. 
Those  of  copper  chloride  and  nitrate  are  originaUy  greenish 
black  and  light  blue,  respectively,  but  become  of  the  same  shade 
of  blue  on  dilution.  The  ammonia  added  to  the  copper  solution 
produces  a  much  more  intense  blue  coloration  of  a  different 
shade,  and  the  potassium  cyanide  added  to  the  cobalt  solution 
changes  its  color  from  pink  to  brown. 

Remarks. — The  hydrochloric  acid  gas  is  passed  into  the  cupric 
chloride  solution  in  order  to  avoid  the  precipitation  of  a  basic 
salt  on  subsequent  dilution. 

The  change  in  color  accompanying  the  dilution  may  well  be 
due  mainly  to  hydration  of  the  salts  rather  than  to  dissociation 
of  them ;  but  whatever  the  cause,  the  experiment  evidently  still 
illustrates  the  principle  of  the  dependence  of  the  properties  of 
dilute  aqueous  solutions  on  those  of  the  separate  ions.  The 
addition  of  ammonia  to  the  copper  solution  transforms  the  copper 
ions  into  complex  positive  ions  of  the  form  Cu(NH,), ;  and  tlut 
of  potassium  cyanide  to  the  cobalt  solution  converts  the  cobalt 
ions  into  complex  negative  ions,  probably  of  the  compositioii, 
Co(CN),.  These  explanations  show  that  the  exceptions  to  the 
principle  of  additivity  which  are  illustrated  by  the  last  part  of 
the  experiment  are  in  full  accord  with  the  dissociation  theory; 
for  the  nature  of  the  ions  having  changed,  the  color  of  the  sola- 
tion  must  change  likewise. 

EXPERIMENT  II. 

Principle  Illustrated, — Metathetical  reactions  between  dissolved 
salts  take  place  instantaneously,  whatever  may  be  the  nature  of 
the  salts,  while  those  in  which  organic  compounds  are  involved 
commonly  require  an  appreciable  time  which  varies  greatly  with 
the  nature  of  the  compound.  This  difference  of  behavior  is, 
according  to  the  dissociation  theory,  due  to  the  fact  that  the  ions 
of  salts,  being  already  separated  by  the  solvent,  are  capable  of 
immediate  combination,  when  those  which  have  the  tendency  to 
combine  are  brought  into  contact,  while  the  component  elements 
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or  radicals  of  organic  substances  must  be  separated  from  each 
other  before  they  can  enter  into  a  metathesis.  A  very  slight 
degree  of  dissociation  of  the  salts  is  sufficient,  however,  owing  to 
the  fact  that  the  ions  removed  by  the  metathesis  are  immediately 
replaced  by  others  by  the  spontaneous  and  almost  instantaneous 
process  of  dissociation. 

Preparation, — Prepare  100  cc.  of  nearly  saturated  solution  of 
I>otassium  bromide  and  of  zinc  bromide  in  alcohol,  and  equal 
quantities  of  5  per  cent,  solutions  of  isopropyl  bromide,  ethyl 
bromide,  and  phenyl  bromide.  Place  these  solutions  in  five  lec- 
ture jars.  Prepare  150  cc.  of  a  nearly  saturated  alcoholic  solu- 
tion of  silver  nitrate  (about  25  grams  to  the  liter).  Provide  a 
stirring  rod  with  one. end  flattened  at  right  angles  to  the  rod,  for 
vertical  stirring. 

Experiment. — Add  20  cc.  of  the  alcoholic  silver  nitrate  solu- 
tion to  each  of  the  five  bromide  solutions  and  stir. 

Observations. — The  potassium  and  zinc  bromide  solutions  both 
give  instantly  with  the  silver  nitrate  a  copious  flocculent  pre- 
cipitate. The  isopropyl  bromide  solution  becomes  turbid 
immediately,  but  an  appreciable  time  is  seen  to  be  required  for 
the  completion  of  the  precipitation.  The  ethyl  bromide  remains 
clear  for  a  few  seconds,  and  then  becomes  turbid,  but  the  tur- 
bidity increases  very  slowly  on  standing.  The  phenyl  bromide 
gives  no  turbidity,  even  after  long  standing. 

Remarks. — Care  must  be  taken  that  the  ethyl  and  phenyl 
bromides  are  free  from  hydrobromic  acid  and  bromine.  These 
impurities,  if  present,  may  be  removed  by  washing  in  a  separa- 

« 

tory   funnel,  first  with  dilute  sodium  carbonate  solution,  and 
then  with  water. 

EXPERIMENT  III. 

Principle  Illustrated. — The  passage  of  electricity  through  a  salt 
solution  causes  the  metallic  component  of  the  salt  to  move  in  the 
direction  of  the  current,  and  the  acid  component  to  move  in  the 
opposite  direction.  The  products  into  which  salts  in  aqueous 
solution  are  dissociated  are  therefore  electrically  charged  mole- 
cules or  ions. 

Preparation. — Cut  10  grams  of  agar-agar  in  small  pieces, 
place  in  a  casserole,  add  500  cc.  of  cold  water,  heat  to  boiling, 
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and  boil  until  a  clear  solution  is  formed.  Strain  while  still  hot 
through  a  piece  of  cloth,  and  preserve  the  jelly  formed  on  cool- 
ing as  a  stock  for  use  in  this  and  the  next  two  experiments.  To 
35  cc.  of  the  remelted  agar  add  8  cc.  of  saturated  cupric  chloride 
solution,  a  few  drops  of  acetic  acid,  and  6  cc.  of  saturated  potas- 
sium bichromate  solution.  Pour  enough  of  this  solution  into  a 
U-tube  2  cm.  in  diameter  and  i6  cm.  high  to  fill  the  tube  3-4011. 
above  the  bend,  and  allow  the  jelly  to  harden.  Sprinkle  on 
each  surface  a  little  bone-black  to  mark  the  boundary,  then  pour 
into  each  arm  a  few  drops  (to  fix  the  bone-black  in  place)  of  a 
solution  made  by  mixing  4  cc.  of  saturated  potassium  chloride 
solution  with  15  cc.  of  the  melted  stock- agar,  cool  in  water,  and 
after  a  few  moments  pour  in  enough  more  of  this  mixture  to  form 
a  layer  a  few  centimeters  high  in  each  arm.  After  this  has 
hardened,  pour  into  each  arm  a  few  cubic  centimeters  of  satu- 
rated potassium  chloride  solution,  insert  electrodes  of  platinnm 
wire  in  both  arms,  and  connect  them  through  an  open  switch  and 
a  32  candle-power  iio-volt  lamp  with  the  terminals  of  a  iio-volt 
direct-current  circuit.  Place  the  U-tube  in  a  beaker  of  water 
containing  a  large  quantity  of  ice. 

Experiment, — Close  the  switch  and  allow  the  current  to  pass 
through  the  tube  for  ten  to  thirty  minutes,  stopping  it  tempo- 
rarily if  the  agar  should  show  signs  of  melting. 

Observations. — The  copper  chromate  jelly  filling  the  bottom  of 
the  tube  has  a  deep  green  color.  After  the  current  has  passed  for 
some  minutes  a  blue  zone  (due  to  the  copper  ions)  appears  above 
the  bone-black  boundary  in  one  arm,  and  a  yellow  zone  (due  to 
chromate  ions)  above  the  bone-black  in  the  other  arm,  and  these 
zones  both  extend  upwards  as  the  electrolysis  continues.  The 
zones  immediately  below  the  bone-black  in  both  arms  also  acquire 
a  blue  and  yellow  color  respectively,  while  the  central  portion 
beneath  remains  unchanged  in  color. 

Remarks, — The  experiment  should  be  prepared  not  more  than 
an  hour  or  two  before  the  lecture,  as  otherwise  the  boundari^ 
will  not  be  sharp,  owing  to  diffusion.  It  is  desirable  to  use,  as 
directed,  a  larger  proix)rtion  of  copper  salt  than  corresponds  to 
the  normal  chromate,  since  otherwise  the  color  of  the  blue  copper 
zone  will  not  be  deep  enough  to  be  visible  at  a  distance.    The 
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acetic  acid  is  added  to  prevent  the  precipitation  of  a  basic  chro- 
tnate.  The  potassium  chloride  in  the  arms  of  the  tube  serves  to 
form  a  colorless  conducting  layer,  its  ions  carrying  the  current 
to  and  from  the  boundary  of  the  copper  chromate.  Accurate 
experiments  have  shown  that  the  addition  of  enough  agar  to  form 
a  solid  jelly  does  not  affect  the  rate  of  migration  of  the  ions  more 
than  a  few  per  cent.;  there  is,  therefore,  no  objection  to  its  use 
for  purposes  of  demonstration. 

EXPERIMENT  IV. 

Principle  lUtistrated, — The  rate  of  migration  of  the  ions  is 
dependent  on  their  nature.  The  hydrogen  ion  moves  most 
rapidly,  the  hydroxyl  ion  about  one-half  as  fast,  and  other  inor- 
ganic ions  from  one-fourth  to  one-eighth  as  fast  as  the  hydrogen 
ion.  The  rate  of  motion  of  the  ions  and  the  number  of  them 
present  are  the  two  factors  determining  the  conductivity  of  a 
solution. 

Preparation,— ¥\\\  the  bend  of  a  U-tube  (2  cm.  in  diameter, 
and   16  cm.  high)  and  one  of  its  arms  up  to  a  point  5  cm.  from 
the  top  with  a  jelly  made  of  16  cc.  of  saturated  potassium  chlo- 
ride solution,  12  drops  of  phenolphthalein  solution,  50  cc.  of  the 
stock-agar  (see  Expt.  Ill) ,  and  just  enough  potassium  hydroxide 
to  color  it  deeply  red.     Fill  the  other  arm  of  the  tube  up  to  5 
cm.  from  the  top  with  some  of  the  same  jelly  to  which  has  been 
added  just  twice  as  much  hydrochloric  acid  as  is  needed  to  decol- 
orize it.     Place  platinum  wires  in  the  air  spaces  at  the  top  of 
each  arm,  and  connect  these  wires  through  a  32-candle-power  1 10- 
volt  lamp  with  the  terminals  of  a  no- volt  direct-current  circuit  in 
such  a  manner  that  the  current  will  enter  the  arm  containing  the 
colored  jelly.     Place  the  tube  in  a  beaker  of  water  containing 
pieces  of  ice.     Prepare  a  mixture  of  0.5  cc.  of  hydrochloric  acid 
(sp.  gr.    1. 12),  6  cc.  of  saturated  copper  chloride,  and  20  cc.  of 
water,  and  a  mixture  of  2  cc.  of  10  per  cent,  potassium  hydrox- 
ide solution  with  20  cc.  of  saturated  potassium  chloride  solu- 
tion. 

Experiment. — Nearly  fill  the  arm  of  the  tube  containing  the 
colored  jelly  with  the  solution  of  copper  chloride  and  hydrochloric 
acid  and  the  other  arm  with  the  solution  of  potassium  hydroxide 
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and  chloride,  close  the  switch,  and  allow  the  current  (of  about 
0.5  ampere)  to  pass  for  about  fifteen  minutes. 

Observations. — A  colorless  zone  (due  to  the  hydrogen  ions) 
descends  into  the  pink  jelly  to  a  depth  of  about  5^  cm.,  aodthitB 
followed  by  a  blue  zone  (due  to  the  copper  ions)  to  a  depth  of  1 
cm.  In  the  other  arm  a  pink  zone  (due  to  the  hydroxy!  ion;) 
descends  into  the  colorless  jelly  to  a  depth  of  about  2^  cm. 
BXPBRtHBNT  V. 
Principle  lUustraled. — The  composition  of  the  ions  can  be  deter- 
mined by  migration  experiments.  Thus  in  the  case  of  llie 
double  cyanide  of  potassium  and  silver,  the  silver  can  be  shown 
to  move  against  the  current,  thus  proving  that  it  forms  a  paitoi 
the  negative  ion,  which  has  in  fact  been  shown  to  have  the  com- 
position Ag(CN),. 

Preparation. — Charge  a  U-tube,  2  cm.  in  diameter  and  16  cm. 
high,  not  more  than  an  hour  or  two  before  the  ezperimeat  is  to 
be  performed,  in  the  manner  shown  in  the  accompanying  scik 
drawing,  with  various  jellies,  designated  I, 
11,  III,  and  IV.  Jelly  No.  I,  is  prepared  from 
30  cc.  of  the  stock-agar  (Expt.  No.  Ill),  6  ct 
of  saturated  potassium  nitrate  solution,  and  6 
cc.  of  a  suspension  of  washed  precipitated  zinc 
sulphide  in  water;  jelly  No.  II,  from  ijcc  of 
the  agar  and  4  cc.  of  saturated  potassiani  ni- 
trate solution ;  jelly  No.  Ill,  from  5  cc.  of  the 
agar,  i  cc.  of  saturated  potassium  nitrate,  and 
I  cc.  of  a  3  per  cent,  silver  nitrate  solution; 
and  jelly  No,  IV,  from  5  cc.  of  theagar,  1  cc 
of  saturated  potassium  nitrate  solution,  and  i 
cc.  of  a  potassium  silver  cyanide  solntioD 
made  by  adding  concentrated  potassium  cy- 
*"''■ ''  anide  solution,  drop  by  drop,  to  a  .1  per  cent. 

silver  nitrate  solution  until  the  precipitate  first  formed  redissoh-w. 
In  charging  the  tube,  pour  in  each  portion  of  melted  jelly  throngli 
a  long-necked  funnel  to  avoid  contaminatingsucceeding portions, 
and  cause  each  to  harden  by  immersing  in  cold  water  before  adding 
the  next.  Make  each  of  the  layers  of  a  thickness  correspoDding 
to  that  shown  in  the  drawing,  taking  especial  care  that  the  layen 
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of  jelly  II  be  not  more  than  i  cm.  thick,  since  otherwise  too  long 
a  time  will  be  required  for  the  experiment ;  and  in  forming  the 
last  layers,  pour  in  first  a  few  drops  of  the  solution,  allow  this  to 
solidify,  and  then  add  the  remainder,  in  order  to  prevent  them 
from  taking  up  and  mixing  with  any  of  the  jelly  beneath.  Pour 
into  each  arm  on  top  of  the  jelly  some  saturated  potassium 
nitrate  solution,  insert  platinum  wires,  and  connect  them  with 
the  terminals  of  a  i  lo-volt  direct-current  circuit  in  such  a  manner 
that  the  current  will  enter  the  arm  containing  the  silver  nitrate 
jelly  (No.  III).     Immerse  the  tube  in  a  beaker  of  ice  and  water. 

Experiment, — Cause  the  current  (which  will  be  one  of  about 
0.35  ampere)  to  pass  through  the  tube  for  fifteen  to  twenty  min- 
utes, stopping  it  temporarily  or  inserting,  additional  resistance 
if  the  agar  shows  signs  of  melting. 

Observations. — The  zinc  sulphide  jelly  at  the  bottom,  which  is 
pure  white  at  first,  after  a  few  minutes  begins  to  blacken  at  its 
surface  below  the  silver  nitrate,  and  a  few  minutes  later  at  its 
other  surface  below  the  potassium  silver  cyanide,  the  blackening 
extending  rapidly  downward  on  both  sides.  The  zinc  sulphide 
layers  near  the  top  of  the  arms  remain  white  throughout  the 
experiment. 

Remark, — Zinc  sulphide  is  used  instead  of  an  alkaline  sulphide 
to  indicate  the  presence  of  silver,  since,  being  nearly  insoluble, 
it  does  not  move  appreciably  with  the  current. 

EXPERIMENT  VI. 

Principle  Illustrated, — The  molecular  conductivity  of  salts 
increases  on  dilution  at  first  rapidly,  and  then  more  slowly,  and 
finally  attains  a  constant  maximum  value  which  is  not  affected 
by  further  dilution.  The  molecular  conductivity  of  a  dissolved 
substance  is  the  conductivity  of  that  volume  of  its  solution  which 
contains  I  mol'of  the  substance,  when  the  solutionis  placed 
between  parallel  electrodes  of  sufficient  extent,  i  cm.  apart. 
According  to  the  dissociation  theory,  the  change  of  this  property 
on  dilution  results  from  the  fact  that  electricity  is  transported 
tlirough  the  solution  solely  by  the  ions,  and  the  number  of  these 
is  increased  at  the  expense  of  the  undissociated  portion  of  the 
salt  by  increased  dilution,  up  to  the  point  where  the  salt  is  com- 
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pletely  dissociated,   after  which  further  dilution  has,  of  course, 
no  further  effect. 

Preparation, — Construct  a  high,  narrow  trough  with  parallel 
glass  sides  and  wooden  ends  and  base  in  the  following  manner  : 
Cover  one  of  the  broad  surfaces  of  each  of  two  strips  of  wood  45 
cm.  long,  I  cm.  thick,  and  2.2  cm.  wide,  previously  oiled  and 
shellaced,  with  a  strip  of  thin  silver  foil,  attaching  this  to  the 
wood  by  means  of  shellac.  Insert  these  two  strips  of  wood  with 
the  silver-covered  surfaces  towards  each  other  and  uniformly  18.5 
cm.  apart  between  two  sheets  of  plateglass  (45  X  22.5  X  0.6  cm.) 
so  as  to  .leave  a  free  space  about  i  cm.  deep  outside  of  the  strips. 
Clamp  the  apparatus  together  temporarily ,  and  fill  this  free  space 
with  a  melted  cement  made  by  stirring  one  part  of  beeswax  into 
five  parts  of  melted  rosin.  Bind  tightly  over  each  of  these  two 
ends  a  piece  of  stout  cloth  or  canvas,  and  attach  it  to  the  glass 
sides  by  means  of  shellac,  so  as  to  hold  the  whole  in  position. 
Insert  this  cell  into  a  wooden  base  so  made  that  the  cell  will  fit 
tightly  into  a  groove  to  a  depth  of  1.5  cm.;  pour  on  to  the  bot- 
tom inside  more  of  the  above  cement  heated  enough  to  be  very 
fluid,  and  allow  the  cement  to  cool,  so  as  to  form  an  even  hori- 
zontal layer.  Solder  wires  to  the  tops  of  the  silver  electrodes. 
Connect  the  resistance  cell  thus  constructed  in  series  with  a 
storage  cell,  a  switch,  and  a  suitable  current  indicator.  Use  as 
a  current- indicator  any  Weston  station  voltmeter,  from  which 
the  series  resistance  coil  in  the  back  has  been  removed  or  short 
circuited.  (The  moving  coils  in  all  the  Weston  station  voltme- 
ters have  a  resistance  of  about  75  ohms ;  and  a  full  scale  deflec- 
tion is  obtained  with  a  current  of  about  0.012  ampere  ;  the  sta- 
tion type  is  used  since  it  has  a  pointer  which  can  easily  be  seen 
at  a  distance.)  Prepare  a  stirring  rod  by  closing  up  one  end 
of  a  wide  glass  tube  0.6  meter  long.  Provide  a  glass  siphon 
suitable  for  emptying  the  resistance  cell,  and  fill  it  with  water ; 
also  a  funnel  attached  to  a  tube  long  enough  to  reach  the  bottom 
of  the  cell.  Measure  out  in  four  graduates  three  portions  of  dis- 
tilled water  of  60,  240,  and  960  cc,  respectively.  Prepare  20 
cc.  of  a  fourfold  normal  silver  nitrate  solution  by  dissolving  13.5 
grams  of  solid  silver  nitrate  in  water,  and  making  the  volume  up 
to  20  cc. 
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Experiment, — Fill  the  resistance  cell  with  distilled  water,  and 
close  the  switch  for  a  few  moments.  Insert  the  siphon,  and  empty 
the  cell  completely,  tilting  it  at  the  end.  Then  pour  into  the 
bottom  of  the  cell  through  the  funnel  the  20  cc.  of  fourfold  nor- 
mal silver  nitrate  solution.  Close  the  switch,  and  note  on  the 
board  the  scale  reading.  Then  pour  into  the  cell  the  60  cc. 
portion  of  water,  stir,  and  note  the  reading.  Then  pour  in  suc- 
cessively the  240  cc.  and  the  960  cc.  portions  of  water,  noting 
the  readings  after  the  complete  addition  of  each  portion. 

Observations. — A  scarcely  noticeable  deflection  of  the  needle 
is  produced  when  the  cell  is  filled  with  pure  water.  The 
scale-readings  corresponding  to  the  most  concentrated  solu- 
tion and  the  first  fourfold  dilution  of  it  are  found  to  differ 
greatly,  those  of  the  first  and  second  dilutions  much  less,  and 
those  of  the  second  and  third  dilutions  by  only  a  relatively 
small  amount ;  thus  the  scale-readiqgs  in  an  actual  experiment 
were  7.1,  8.4,  9.2,  and  9.5. 

Remarks, — In  the  apparatus  and  experiment  above  described 
the  distance  between  the  electrodes,  though  not  i  cm.,  is  a  con- 
stant distance,  and  the  amount  of  the  salt  used,  though  not  i 
mol,  is  a  definite  amount,  so  that  a  satisfactory  illustration  is 
given  of  the  property  of  molecular  conductivity  and  of  its  vari- 
ation with  the  dilution,  a  phenomenon,  which,  as  is  well  known, 
was  the  starting-point  of  the  electrolytic  dissociation  theory,  and 
one  which  forms  the  basis  of  the  most  important  method  of  deter- 
mining dissociation. 

The  molecular  conductivities  of  the  silver  nitrate  solutions  are 
at  the  four  concentrations,  according  to  Kohlrausch,  approxi- 
mately 39,  63,  80,  and  92  units.  The  effect  of  having  the  re- 
sistance (about  75  ohms)  of  the  voltmeter  constantly  in  series 
with  the  cell  is  to  make  the  apparent  change  of  conductivity 
less  than  the  true  change ;  nevertheless,  the  effect  is  sufficiently 
great  to  make  the  demonstration  an  entirely  satisfactory  one,  as 
is  shown  by  the  scale-readings  cited  above. 

If  copper  electrodes  are  substituted  for  the  silver  ones,  and  a 
copper  salt  solution  for  the  silver  nitrate,  the  change  of  conduc- 
tivity with  the  dilution  is  still  greater  ;  but  the  experiment  is  far 
less  satisfactory,  for  it  is  not  possible,  owing  to  the  great  dilu- 


T2fi  A.  A.  NOYKS  AND   A.  A.  BLANCH ARD. 

tion  required,  to  illustrate  the  approach  to  a  maximum  value. 

BXPBRIMBNT  VII. 

Principle  Illustrated, — Different  acids  of  the  same  concentration 
diffe;;  greatly  in  their  conductivities  and  degrees  of  dissociation; 
but  their  neutral  salts  have  approximately  the  same  conductivi- 
ties and  same  degrees  of  dissociation. 

Preparation, — Fill  four  500  cc.  bottles  with  half-normal  solu- 
tions of  hydrochloric  acid,  sulphuric  acid,  chloracetic  acid,  and 
acetic  acid,  prepared  by  weighing  out  the  calculated  amounts  of 
the  commercial  acids.  (It  is  desirable,  however,  to  prove  the 
approximate  equivalence  in  the  concentrations  of  the  four  acids 
by  titration  with  normal  potassium  hydroxide,  and  to  adjust 
them  if  they  differ  by  more  than  five  per  cent.)  Distinctly  label 
these  solutions,  and  reserve  them  for  use  in  this  and  later  exper- 
iments. 

Make  the  apparatus  represented  in  the  accompanying  figure  in 
the  following  manner  :  Procure  four  glass  tubes  as  nearly  alike 
as  possible,  of  an  internal  diameter  of  about  3  cm.  and  a  length 
of  20  cm.  (The  straight  parts  of  ''student  lamp"  chimneys  can 
be  used  for  the  purpose.)  Place  in  one  end  of  each  of  these 
tubes  a  rubber  stopper  with  one  hole  in  which  has  been  inserted 
a  small  glass  tube  containing  a  stout  copper  wire  to  which  a  thin 
circular  platinum  disk  is  soldered,  this  disk  covering  the  small 
end  of  the  rubber  stopper  and  being  attached  to  it  by  means  of 
sealing-wax.  Set  up  the  tubes  in  a  vertical  position  with  the 
stoppers  at  the  bottom,  holding  the  tubes  in  place  by  means  of 
clamps  or  by  a  suitable  wooden  frame  made  for  the  purpose. 
Insert  in  the  upper  end  of  each  of  the  tubes  a  rubber  stopper 
carrying  a  small  thick-walled  glass  tube  22  cm.  long  through 
which  passes  a  stout  copper  wire,  to  the  lower  end  of  which  is 
soldered,  at  right  angles  to  the  wire,  a  thin  circular  platinum 
disk  of  a  diameter  a  few  millimeters  less  than  that  of  the  tube, 
the  disk  being  reinforced  by  a  thick  layer  of  sealing-wax  on  its 
upper  surface.  These  tubes  should  move  freely  through  the 
stoppers,  but  yet  be  held  in  place  by  them.  Connect  the  wire 
issuing  from  the  bottom  of  each  large  tube  with  a  32-candle- 
power  1 10- volt  lamp  placed  in  a  socket  beneath  ;  make  also  the 
other  connections  shown   in  the  drawing,  using  short  coils  of 
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covered  flexible  wires  between  the  four  upper  electrodes ;  and 
finally,  connect  through  an  open  switch  the  upper  electrodes 
with  one  terminal  and  the  lamps  with  the  other  terminal  of  a 
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Fie, .. 
iiovolt  alternating  circuit.  Place  in  each  tube  120  cc.  of  dis- 
tilled water  and  set  the  electrodes  one-third  of  the  distance  from 
the  bottom.  Provide  a  5  cc.  graduated  pipette,  a  little  phenol- 
phthalein  solution,  and  50  cc.  of  normal  potassium  hydroxide 
solution. 

Experiment. — Raise  the  stoppers  carrying  the  upper  electrodes, 
and  add  to  each  of  the  four  tubes  with  the  pipette  5  cc.  of  each 
of  the  four  half-normal  acids,  so  that  they  will  be  in  the  order, 
acetic,  chloracetic,  sulphuric,  hydrochloric,  and  stir  thoroughly. 
Re-insert  the  electrodes,  darken  the  room  somewhat,  and  close 
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the  circuit.  Raise  the  electrode  in  the  hydrochloric  add  solu- 
tion to  the  top  of  the  tube,  and  then  adjust  the  heights  of  the 
other  three  electrodes  so  that  all  the  lamps  beneath  glow  with 
equal  l^rilliancy.  Admit  the  light  to  the  room,  and  call  atten- 
tion to  the  relative  heights  of  the  four  electrodes.  Then  raise 
the  stoppers,  and  add  to  each  tube  two  or  three  drops  of  phenol- 
phthalein  solution  and  from  the  pipette  about  2.5  cc.  of  a  normal 
solution  of  pure  potassium  hydroxide,  adding  the  last  few  drops 
in  each  case  slowly  and  with  vigorous  stirring,  until  the  solution 
remains  permanently  colored.  Again  darken  the  room,  set  the 
electrode  in  the  potassium  chloride  solution  about  one-third  of 
the  total  distance  from  the  bottom,  and  adjust  the  other  three 
electrodes  so  that  all  four  lamps  glow  with  equal  brilliancy. 
Admit  the  light  to  the  room,  and  call  attention  to  the  heights  of 
the  four  electrodes. 

Observations, — Starting  as  directed  with  the  four  electrodes  at 
the  same  height,  about  one-third  of  the  distance  from  the  bot- 
tom, it  is  seen  when  the  circuit  is  closed  that  the  lamps  are  more 
brilliant  in  correspondence'  with  the  order,  hydrochloric,  sul- 
phuric, chloracetic,  acetic,  the  lamp  beneath  the  last-named  acid 
not  glowing  perceptibly.  After  the  lamps  are  brought  to  equal 
brilliancy  by  adjusting  the  electrodes,  it  is  seen  that  if  the  upper 
electrode  in  the  hydrochloric  acid  is  at  the  top,  that  iu  the  sul- 
phuric acid  is  about  one-fourth  of  the  distance  down,  that  in  the 
chloracetic  acid  three-fourths  of  the  distance  down,  and  that  in 
the  acetic  acid  nearly  touching  the  lower  electrode.  It  is  seen 
that  nearly  equal  amounts  of  potassium  hydroxide  are  required 
for  the  neutralization  of  all  four  acids,  thus  proving  them  of 
equal  concentration.  Finally  after  adjusting  the  lamps  to  con- 
stant brilliancy,  the  electrodes  in  the  salt  solutions  are  seen  \o 
stand  at  not  far  from  the  same  heights. 

Remarks. — The  chloracetic  acid  solution  must  be  prepared  not 
more  than  a  few  days  before  it  is  used,  since,  otherwise,  it  will  con- 
tain an  appreciable  amount  of  hydrochloric  acid.  If  an  aJtenia- 
ting  circuit  is  not  available,  a  direct  circuit  may  be  used,  but  in 
that  case  it  is  desirable  that  the  upper  electrodes  be  made  coo- 
vex  downwards  so  that  the  gas  will  escape,  and  that  the  circuit 
be  closed  only  for  as  short  a  time  as  is  necessary. 


I.ECTURE   EXPERIMENTS.  739 

Instead  of  charging  the  tubes  of  the  conductivity  apparatus 
during  the  lecture  with  the  acids,  this  may  be  done  beforehand, 
in  order  to  save  time  ;  but  in  that  case,  the  audience  is  obliged 
to  take  for  granted  the  fact  that  the  acids  used  in  the  later  exper- 
iments are  identical  with  those  used  in  this  one,  a  fact  which  is 
made  obvious  if  the  portions  of  acids  are  in  each  case  drawn  from 
the  same  bottles.  In  fact,  throughout  most  of  the  following 
experiments,  much  time  can  be  saved  •  in  the  lecture  by  measur- 
ing out  the  solutions  in  advance,  the  audience  being  asked  to 
accept  the  lecturer's  statement  in  regard  to  their  composition. 
While  the  purpose  of  such  experiments  is  to  illustrate  rather 
than  to  demonstrate,  it  is  nevertheless  true  that  they  become  less 
satisfactory,  the  more  the  audience  has  to  take  for  granted.  To 
what  extent  it  is  desirable  to  carry  the  preparation  of  the  exper- 
iments, will  therefore  depend  on  the  character  of  the  lectures,  on 
the  time  that  can  be  given  to  experiments,  and  whether  the  ser- 
vices of  an  assistant  are  available  during  the  lecture. 

Lecturers  will,  we  believe,  find  themselves  repaid  for  the  small 
amount  of  labor  involved  in  the  construction  of  the  apparatus 
just  described;  for  not  only  is  the  above  experiment  a  very  satis- 
factory one,  but  the  same  apparatus  can  be  employed  for  the 
demonstration  of  Ostwald's  dilution  law  (see  Kxpt.  XII),  and 
for  the  illustration  of  the  conductivity  and  dissociation  of  many 
substances  besides  those  here  used.  It  should  be  stated  that  the 
apparatus  was  devised  and  first  constructed  by  Dr.  W.  R.  Whit- 
ney of  our  Institute. 

PART  II.— THE  VELOCITY  OF  CHEMICAL 

REACTIONS. 

EXPERIMENT  VIII. 

•  ■ 

Principle  Illustrated. — The  rate  at  which  a  chemical  change 
takes  place  is  proportional  to  the  concentration  of  each  of  the 
substances  taking  part  in  it.^ 

Preparation, — In  a  2-liter  bottle  put  1600  cc.  of  distilled  water, 
50  cc.  of  half-normal  hydrochloric  acid,  and  40  cc.  of  starch  solu- 
tion (made  by  rubbing  i  gram  of  potato  starch  to  a  paste  with 

1  As  ia  well  known,  the  rate  is  in  some  cases  proportional  to  that  power  of  the  con- 
centration which  corresponds  to  the  number  of  molecules  involved ;  but  this  experiment 
illustrates  only  the  simpler  case. 


740  A.  A.  NOYES  AND   A.  A.  BLANCHARD. 

5  cc.  of  cold  water,  pouring  150  cc.  of  boiling  water  over  it,  al- 
lowing the  undissolved  part  to  settle,  and  decanting  the  super- 
natant liquid).  Prepare  a  0.5  normal  solution  of  potassium 
bromate  by  dissolving  7  grams  of  the  ^salt  in  half  a  liter  of 
water;  also  a  0.5  normal  solution  of  potassium  iodide  by  dis- 
solving 42  grams  of  it  in  half  a  liter  of  water.  Reserve  these 
solutions  for  use  in  the  three  following  experiments :  Provide 
four  500  cc.  white  glass  stoppered  bottles,  8  cm.  in  diameter, 
and  set  two  10  cc.  graduates  in  front  of  each  of  them.  Prepare 
a  standard  blue  solution  in  a  fifth  500  cc.  bottle  by  adding  to 
400  cc.  of  water,  10  cc.  of  the  starch  solution  and  i  cc.  of  asoln- 
tion  of  I  gram  of  iodine  and  2  grams  of  potassium  iodide  in 
500  cc.  of  water.  Place  all  five  bottles  on  the  lecture  table 
against  a  background  of  white  paper.  Provide  a  large  dock 
(or  stop-watch)  with  a  second  hand  ;  also  a  500  cc.  gradtiate. 

Experiment. — Pour  into  each  of  the  four  bottles  from  the 
large  graduate  400  cc.  of  the  acid  solution  in  the  2-liter  bottle. 
Pour  into  the  four  pairs  of  10  cc.  graduates  respectively  5  cc.  of 
the  bromate  and  5  cc.  of  the  iodide  solution,  10  cc.  bromate  and 
5  cc.  iodide,  5  cc.  bromate  and  10  cc.  iodide,  and  10  cc.  bromate 
and  10  cc.  iodide.  Add  to  each  of  the  four  bottles  the  bromate 
solution  from  the  graduate  before  it,  and  then,  at  a  definite  io- 
stant,  when  the  second  hand  of  the  clock  shows  an  even  minute. 
add  simultaneously  to  the  four  bottles  the  measured  portions  of 
iodide  solution,  quickly  insert  the  stoppers,  and  shake  vigorously. 
Note  on  the  board  by  reference  to  the  clock  the  times  when  each 
of  the  solutions  becomes  of  the  same  shade  of  blue  as  the  stand- 
ard, placing  the  latter  in  succession  by  the  side  of  the  different 
reaction  bottles. 

Observations. — The  mixture  containing  the  10  cc.  of  both  bro- 
mate and  iodide  will  become  of  the  same  shade  of  blue  as  the 
standard  in  about  thirty  seconds.  The  mixtures  with  10  cc. 
bromate  and  5  cc.  iodide  and  with  5  cc.  bromate  and  10  cc.  iodide 
will  both  require  the  same  interval  of  time,  which  will  be  aboat 
twice  as  great  as  that  for  the  first  mixture.  The  mixture 
containing  5  cc.  of  both  bromate  and  iodide  will  require  nearly 
twice  as  much  time  as  these  last  mixtures.  ' 
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EXPERIMENT  IX. 

JPrinciple  Illustrated, — Equal  increments  of  temperature  cause 
an  equal  multiplication  of  the  velocity  of  any  definite  chemical 
reaction.* 

Preparation, — Mix  in  a  2-liter  bottle  iioo  cc.  of  water,  loocc. 
of  0.5  normal  hydrochloric  acid,  and  30  cc.  of  starch  solution. 
Put  400  cc.  of  this  solution  into  each  of  three  500  cc.  white 
glass-stoppered  bottles  (8  cm.  in  diameter)  ;  bring  by  means  of 
suitable  baths  one  of  these  solutions  to  4°,  another  to  16°,  and 
the  third  to  28° ;  and  allow  the  bottles  to  stand  in  the  baths  until 
the  experiment  is  to  be  shown.  Mix  in  a  50  cc.  graduate  10  cc. 
of  0.5  normal  potassium  bromate,  10  cc.  of  0.5  normal  potassium 
iodide,  and  25  cc.  of  water,  all  measured  as  closely  as  possible ; 
and  pour  just  10  cc.  of  this  mixture  into  each  of  three  10  cc. 
graduates.  Provide  a  clock  with  a  second  hand,  and  a  large 
thermometer  of  short  range  whose  readings  are  visible  at  a  dis- 
tance. Prepare  in  a  fourth  bottle,  just  as  in  Expt.  VIII,  a  blue 
iodide  of  starch  solution  to  serve  as  a  standard.  Place  all  four 
bottles  against  a  background  of  white  paper. 

Experiment, — Insert  the  thermometer  in  succession  in  each  of 
the  three  bottles,  and  note  the  temperatures  on  the  board.  At  a 
definite  instant,  when  the  clock  shows  an  even  minute  or  half 
minute,  pour  the  three  portions  of  bromate  solution  into  the 
three  bottles,  stopper  quickly,  and  shake  vigorously.  Note  on 
the  board  the  times  at  which  the  three  solutions  reach  the  same 
depth  of  blue  as  the  standard. 

Observations, — The  times  required  to  reach  the  color  of  the 
standard  will  be  about  thirty-two  seconds,  fifty-eight  seconds, 
and  one  hundred  and  five  seconds  at  28',  16°,  and  4**,  respectively. 
Remarks, — The  hottest  solution  must  not  be  above  30**,  since 
otherwise  a  considerable  error  arises  from  the  lessening  of  the 
depth  of  color  of  the  iodide  of  starch.  Between  4"*  and  30°,  how- 
ever, the  intensity  of  color  undergoes  a  scarcely  perceptible 
change,  as  was  proved  by  a  special  experiment. 

EXPERIMENT  X. 

Principle  Illustrated, — The  effect  of  acids  in  accelerating  chem- 

^  This  principle  may  be  somewhat  more  explicitly  stated  as  follows  :  In  the  case  of 
any  chemical  reaction,  the  velocity-coefficients  corresponding  to  an  arithmetical  series  of 
temperatures,  form  a  geometrical  series. 
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ical  reactions  is  roughly  proportional  to  their  electrical  conduc- 
tivities. The  effect  is  primarily  dependent  on  the  hydrogen  ions, 
and  is  in  most  cases  approximately  proportional  to  their  concen- 
tration/ 

Preparation, — Mix  in  a  2  liter  bottle,  40  cc.  of  0.5  normal  potas- 
sium iodide,  40  cc.  of  0.5  normal  potassium  broroate,  40  cc.  of 
starch  solution,  and  1600  cc.  of  water.  Place  on  thelectnre 
table  the  four  half- normal  solutions  used  in  Expt.  VII,  four  500 
cc.  bottles,  four  10  cc.  graduates,  a  500  cc.  graduate,  and  white 
paper  arranged  so  as  to  serve  as  a  background. 

Experiment, — Measure  with  the  large  graduate  400  cc.  of  the 
bromate-iodide  mixture  into  each  of  the  four  bottles.  Pour  into 
the  small  graduates  just  10  cc.  of  each  of  the  half-normal  adds, 
and  place  them  in  front  of  the  four  bottles  in  the  order  hydio- 
chloric,  sulphuric,  chloracetic,  acetic  acid.  Add  at  the  same 
instant  the  contents  of  the  four  graduates  to  the  bottles,  stopper 
quickly,  and  shake. 

Observations, — The  solution  containing  the  hydrochloric  acid 
becomes  deep  blue  almost  immediately  ;  that  with  the  sulphuric 
acid,  within  half  a  minute ;  that  with  the  chloracetic  acid,  after 
three  or  four  minutes;  and  that  with  acetic  acid,  only  after  three 
or  four  hours. 

EXPERIMENT  XI. 

Principle  Illustrated, — Neutral  substances  sometimes  act  as 
powerful  catalytic  agents. 

Preparation, — Place  in  a  liter  bottle  800  cc.  of  water,  40  cc.  of 
0.5  normal  potassium  iodide,  40  cc.  of  0.5  normal  potassium  bro- 
mate,  and  20  cc.  of  starch  solution.  Provide  a  half-normal  solution 
of  acetic  acid  and  a  neutral  saturated  solution  of  ferrous  sulphate; 
also,  a  graduated  i  cc.  pipette,  two  500  cc.  bottles,  and  two  50 
cc.  and  one  500  cc.  graduates. 

Experiment, — Measure  into  each  of  the  two  bottles,  with  tlie 
large  graduate,  400  cc.  of  the  bromate-iodide  mixture.  Measure 
out  in  each  of  the  two  graduates  50  cc.  of  the  half-normaJ  acetic 
acid,  and  add  to  one  of  the  graduates  0.5  cc.  of  the  ferrous  sul- 

Mn  the  case  of  the  bromate-iodide  reaction  the  acceleratinflr  effect  increiief  nsc^ 
more  rapidly  than  the  concentration  of  the  hydrogen  ions  (see  ^/A:Ar.>Aj9.  Clm-,>l> 
599);  but  in  spite  of  this  exceptional  behavior,  it  can  be  used  to  demonstrate  the  0^^^' 
the  effect  of  different  acids,  which  is  all  that  is  attempted  in  this  experimenL 


LECTURE  EXPERIMENTS.  743 

pbate  solution.     At  the  same  moment  add  the  contents  of  the 
{graduates  to  the  two  bottles,  quickly  insert  the  stoppers,  and 


Observations, — The  solution  containing  the  ferrous  sulphate 
becomes  deep  blue  within  a  few  seconds,  while  that  not  contain- 
ing it  requires  as  many  minutes  to  reach  the  same  depth  of  color. 

PART  III.— CHEMICAI,  EQUILIBRIUM  OF  DISSO- 
CIATED SUBSTANCES. 

EXPERIMENT  XII. 

Principle  Illustrated. — The  molecular  conductivity,  and  therefore 
the  dissociation,  of  a  slightly  dissociated  acid  varies  as  the  square 
root  of  the  volume  in  which  a  definite  quantity  of  the  acid  is  con- 
tained, in  accordance  with  the  requirement  of  the  mass  action 
law.  The  general  expression  of  the  effect  of  dilution  on  the  dis- 
sociation of  acids,  or  of  the  so-called  Ostwald's  dilution  law,  is 

^r—=  K,  where  d  is  the  degree  of  dissociation,  v  the  volume 

(i — a)v  ** 

containing  i  molecule,  and  K  the  dissociation-constant.  If  d  is 
small,  the  quantity  (i — d)  can  be  considered  equal  to  unity  with- 
out great  error,  whence  the  above-stated  principle  follows. 

Preparation, — Place  on  the  lecture  table  the  conductivity  appa- 
ratus and  the  half- normal  chloracetic  acid  solution  used  in  Expt. 
VII.  Provide  two  300  cc.  beakers  and  a  50  cc.  and  a  200  cc. 
graduate,  also  half  a  liter  of-  distilled  water  and  have  this  at  the 
same  temperature  (that  of  the  room)  as  the  chloracetic  acid. 
Connect  the  conductivity  apparatus  through  a  switch  with  the 
terminals  of  a  i  io*volt  alternating  circuit. 

Experiment. — Mix  in  a  beaker  50  cc.  of  the  half-normal  chlor- 
acetic acid  solution  with  150  cc.  of  water.  In  a  second  beaker 
dilute  50  cc.  of  the  solution  so  obtained  with  150  cc.  of  water. 
Nearly  fill  three  of  the  tubes  of  the  conductivity  apparatus  with 
the  half- normal  chloracetic  acid  from  the  bottle,  and  with  the 
two  diluted  solutions  in  the  beakers,  respectively.  Raise  the  elec- 
trode in  the  tube  containing  the  most  concentrated  acid  to  the  top, 
darken  the  room,  close  the  circuit,  and  adjust  the  other  two  elec- 
trodes so  that  the  three  lamps  beneath  glow  with  equal  brilliancy. 
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Open  the  circuit,  admit  the  light,  and  call  attention  to  the  posi- 
tion of  the  electrodes. 

Observations. — At  the  close  of  the  experiment  it  is  seen  that 
the  electrodes  in  the  half-normal  solution  are  about  twice  as  far 
apart  as  those  in  the  eighth-normal  solution,  and  about  four 
times  as  far  apart  as  those  in  the  i/32-normal. 

Remarks. — The  remark  on  Expt.  VII  in  regard  to  the  use  of 
a  direct  current  applies  here  also. 

The  distances  between  the  electrodes  are  directly  proportioMl 
to  the  specific  conductivities  of  the  solutions  ;  consequently,  the 
molecular  conductivities  are  proportional  to  the  products  of 
these  distances  into  the  volumes  in  which  a  definite  amount  of 
acid  is  contained. 

Chloracetic  acid  is  5.4,  10.5,  and  20.0  per  cent,  dissociated  in 
1/2,  1/8,  and  i/32-normal  solutions  respectively.  Owing  to  the 
rather  large  degree  of  dissociation,  the  proportionality  between 
this  and  the  square  root  of  the  volume  is  not  exact ;  but  the 
deviations  are  not  great  enough  to  be  noticeable  in  the  exper- 
iment here  described. 

EXPERIMENT   XIII. 

Principle  Illustrated. — The  dissociation  of  a  slightly  dissociated 
acid  (or  base)  is  very  greatly  reduced  by  the  addition  of  an 
equivalent  quantity  of  one  of  its  neutral  salts.  For,  according 
to  the  mass  action  law,  the  product  of  the  concentrations  of  the 
two  ions  of  the  acid  is  proportional  to  the  concentration  of  its 
undissociated  portion,  and  since  the  concentration  of  the  nega- 
tive ion  is  largely  increased  by  the  addition  of  the  neutral  salt, 
the  ratio  of  the  concentration  of  the  hydrogen  ion  to  that  oi  ^t 
undissociated  acid  must  decrease  in  the  same  proportion.  In 
the  following  experiment,  in  order  to  show  the  difference  in  the 
concentrations  of  the  hydrogen  ion  in  the  two  cases,  use  is  made 
of  the  relative  effects  of  the  acid,  in  the  absence  and  presence 0/ 
its  neutral  salt,  in  accelerating  the  bromate-iodide  reaction. 

Preparation. — In  a  liter  bottle  place  700  cc.  of  disti/Jed  water, 
20  cc.  of  0.5-normal  potassium  bromate,  20  cc.  of  o.5-nomal 
potassium  iodide,  and  10  cc.  of  starch  solution.  Place  on  tlie 
lecture  table  the  half-normal  solution  of  chloracetic  acid  and 
a  normal  one  of  potassium  hydroxide  ;  also  a  500  cc.  graduate, 
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two  icx>  cc.  graduates,  a  2CX)  cc.  beaker,  two  500  cc.  bottles,  a 
phenolphthalein  solution,  and  some  distilled  water. 

Experiment, — Measure  with  the  large  gp'aduate,  350  cc.  of  the 
bromate-iodide  mixture  into  each  of  the  500  cc.  bottles.  Meas- 
ure out  40  cc.  of  chloracetic  acid  into  each  of  the  two  100  cc» 
graduates.  To  one  graduate  add  60  cc.  of  water,  and  mix  by 
stoppering  the  graduate  and  shaking.  Pour  the  contents  of  the 
other  graduate'into  the  beaker,  add  a  few  drops  of  phenolphtha- 
lein and  about  20  cc.  of  the  normal  potassium  hydroxide  solu- 
tion, adding  the  last  portion  slowly  with  stirring  so  as  to  attain 
closely  the  neutral  point ;  then  add  40  cc.  more  of  the  chloracetic 
acid  solution  and  pour  the  mixture  back  into  the  graduate.  At 
the  same  moment  add  the  contents  of  the  two  graduates  to  the 
two  bottles  containing  the  bromate-iodide  mixture,  insert  the 
stoppers,  and  shake  vigorously. 

ObservaHo7is, — The  blue  color  appears  very  quickly  in  the 
bottle  to  which  only  the  chloracetic  acid  was  added,  but  much 
more  slowly  in  that  containing  also  the  neutral  salt. 

Remark, — The  same  principle  is  further  illustrated  in  connec- 
tion with  the  two  following  experiments. 

EXPERIMENT  XIV. 

Principle  Illustrated, — The  extent  to  which  a  weak  acid  is  dis- 
placed from  one  of  its  neutral  salts  by  another  acid  added  to  its 
solution  increases  with  the  degree  of  dissociation  of  the  added 
acid.  For  the  displacement  depends  on  the  fact  that  the  nega- 
tive ions  of  the  salt  and  the  hydrogen  ions  of  the  added  acid 
when  brought  together  unite  in  part  to  form  undissociated  acid, 
and  the  quantity  of  this  which  forms  is,  according  to  the  mass 
action  law,  greater,  the  greater  the  concentration  of  the  hydrogen 
ions  and  therefore  the  greater  the  dissociation  of  the  added  acid. 

Preparation, — Dissolve  6  grams  of  commercial  crystallized 
alloxan  and  2  grams  of  hydroxylamine  hydrochlorate  in  200  cc. 
of  water,  heat  for  an  hour  on  a  water-bath,  and  exactly  neutral- 
ize the  solution  of  violuric  acid  so  prepared  with  dilute  potas- 
sium hydroxide  solution,  with  the  help  of  litmus  paper,  rinsing 
off  the  pieces  of  paper  with  water  after  their  immersion  in  the 
solution,  so  as  to  make  the  color  of  the  litmus  evident.     (About 
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55  cc.  of  a  normal  solution  are  required.)  Dilute  with  enoagli 
water  to  make  the  volume  450  cc.  Measure  six  50  cc.  portions 
of  this  solution  into  six  lecture  test-tubes  3  cm.  in  diameter, 
placed  in  a  rack  provided  with  a  background  of  white  paper. 
Determine  accurately  the  amount  of  half- normal  bydn)chIoric 
acid  which  suffices  to  decolorize  one  of  these  portions  to  such  an 
extent  that  it  appears  of  a  pale,  but  distinctly  recognizable,  pink 
shade.  (Roughly  6  cc.  will  be  required.  The  exact  quaotitj 
required  is  designated  M  cc.  below. )  Then  entirely  decoloriie 
this  portion  by  adding  a  few  more  drops  of  acid.  Provide  a  10 
cc.  graduated  pipette,  an  additional  lecture  test-tube,  the  fonr 
half-normal  acid  solutions  used  in  Bxpt.  VII,  a  normal  potas- 
sium hydroxide  solution,  a  phenolphthalein  solution,  and  a  10 
cc.  graduate  containing  a  chloracetate  solution  made  by  Dearly 
but  not  quite  neutralizing  M  cc.  of  the  half-normal  chloracetic 
acid  with  normal  potassium  hydroxide  and  diluting  up  to  10  cc. 

Experiment. — Add  potassium  hydroxide  solution  in  excess  to 
the  colorless  violuricacid  solution,  and  remove  the  tube  from  the 
rack.  Add  by  means  of  the  10  cc.  graduated  pipette  to  one  of 
the  tubes  of  sodium  violurate  M  cc.  of  water  to  serve  as  a  stan- 
dard and  to  the  four  other  tubes  M  cc.  of  the  four  half-normal 
acids  in  the  order  acetic,  chloracetic,  sulphuric,  and  hydrocbloiic. 
Pour  one-half  of  the  portion  to  which  the  chloracetic  acid  has 
been  added  into  the  empty  test-tube;  and  add  to  this  locc.  of 
water ;  and  to  the  half  in  the  original  tube  add  the  10  cc.  of 
chloracetate  solution  previously  prepared  after  adding  to  the 
latter  a  drop  of  phenolphthalein  solution  (to  show  that  it  is  not 
alkaline). 

Observations. — The  colorless  violuric  acid  solution  becomes  a 
deep  violet  when  the  potassium  hydroxide  is  added.  The  acetic 
acid  reduces  the  color  to  about  one-half ,  and  the  chloracetic  acid 
to  about  one- tenth  that  of  the  standard ;  the  sulphuric  add  gives 
rise  to  a  pale  pink,  which,  however,  is  considerably  deeper  than 
that  produced  by  the  hydrochloric  acid.  The  color  of  the  portion 
to  which  both  the  chloracetic  acid  and  the  chloracetate  are  added 
is  about  twice  as  intense  as  that  of  the  portion  which  contains 
only  the  chloracetic  acid. 

Remarks. — The   purpose  of    the  addition    of  potassium  by- 
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at  the  start  is  to  illustrate  the  facts  on  which  the  demon- 
stration of  the  main  principle  depends,  namely  that  violuric  acid 
in  solution  is  nearly  colorless  and  that  its  salt  is  of  a  deep  violet 
color.  The  last  part  of  the  experiment  on  the  effect  of  the  neu- 
tral salt  is  a  further  illustration  of  the  principle  here  under  con- 
sideration as  well  as  of  that  underlying  Kxpt.  XIII. 

Violuric  acid^  is  an  acid  of  about  the  same  strength  as  acetic 
acid,  the  dissociation  constants  of  the  two  acids  being  0.0027' 
and  0.0018,  respectively ;  consequently,  the  base  divides  itself 
nearly  equally  between  the  two  acids  when,  as  in  the  experiment, 
equivalent  quantities  of  them  are  simultaneously  present.  Vio- 
luric acid  is  so  very  much  weaker  than  sulphuric  and  hydro- 
chloric acids  that  it  is  almost  completely  displaced  by  both  of 
them  ;  and,  to  make  evident  a  difference  in  their  behavior,  it  is 
necessary  to  avoid  adding  enough  hydrochloric  acid  to  cause 
complete  decolorization,  and  to  measure  quite  accurately  the 
amounts  of  the  two  acids  added  ;  for  10  per  cent,  excess  of  the 
sulphuric  acid  entirely  obscures  the  difference  in  their  behavior. 

EXPERIMENT  XV. 

Principle  Illustrated, — The  behavior  of  indicators  used  in  titra- 
ting acids  and  alkalies  is  primarily  determined  by  the  principles 
governing  the  displacement  of  one  acid  (or  base)  from  its  salt  by 
another.  It  depends  on  the  relative  degree  of  dissociation  of  the 
indicator,  which  must  itself  be  a  very  slightly  dissociated  acid 
or  base,  and  of  the  titrated  acid  (or  base.)  The  behavior  of 
indicators  is  in  some  cases  also  greatly  influenced  by  the  phe- 
nomenon of  hydrolysis.  The  behavior  of  di-  and  tri-basic  acids  is 
dependent  on  the  different  degrees  of  dissociation  of  the  acid  with 
respect  to  its  first  and  second,  or  first,  second,  and  third  hydro- 
gen atoms.  More  specific  explanations  follow  the  experiments 
described  below. 

Preparation. — Place  250  cc.  of  distilled  water  in  each  of  ten 
lecture  jars  of  400  cc.  capacity.  Provide  the  following  apparatus 
and  solutions :  four  50  cc.  graduates ;  several  stirring  rods  with  one 
end  flattened  at  right  angles  to  the  rod  ;  two  pipettes  with  rubber 

I  The  constitutional  formnla  of  the  acid  ia 

<NH-^Ov 
>C-NOH. 
NH— CO^ 

s  Maffnanini :  Zisckr.phys.  Chem.,  la,  58. 
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nipples  for  dropping: ;  half- normal  solutions  of  hydrochloric  add 
and  acetic  acid,  and  normal  solutions  of  potassium  hydroxide, 
ammonium  hydroxide,  sodium  acetate,  sodium  carbonate,  and 
phosphoric  acid  (made  by  diluting  12  cc.  of  sirupy  phosphoric 
acid  of  1.34  specific  gravity  up  to  500  cc);  and  solations  oi 
phenolphthalein  and  methyl  orange  as  ordinarily  prepared  for 
volumetric  analysis. 

Experiment, — i.  Add  from  the  dropping  pipette,  to  each  of 
four  of  the  lecture,  jars  containing  water  3  drops  of  the  normal 
potassium  hydroxide  solution.  To  the  first  and  third  of  these 
jars  add  five  drops  of  phenolphthalein  and  to  the  second  and 
fourth  add  five  drops  of  methyl  orange.  Then  add  from  the 
pipette,  drop  by  drop,  half-normal  hydrochloric  acid  to  the  fiist 
and  second  jars,  and  half-normal  acetic  acid  to  the  third  and 
fourth  jars  with  constant  stirring,  until  the  indicator  becomes 
decolorized  or  changes  color.  In  the  case  of  the  fourth  jar.  after 
showing  that  the  first  few  drops  cause  no  change  in  color,  add 
the  acetic  acid  in  larger  quantities  from  a  graduate  until  aboot 
40  cc.  have  been  added.  Then  add  25  cc.  of  normal  sodium  ace- 
tate to  both  the  third  and  fourth  jars. 

2.  To  the  fifth  jar  add  just  50  cc.  of  half-normal  hydrochloric 
acid  and  five  drops  of  methyl  orange.  To  the  sixth  jar  add  the 
same  amount  of  the  hydrochloric  acid  and  two  drops  of  phenol- 
phthalein. Add  to  each  jar  from  a  50  cc.  graduate  normal 
ammonium  hydroxide,  rapidly  until  23-24  cc.  are  added,  and 
then  more  slowly  until  the  (sharp)  end-point  is  reached  in  the 
fifth  jar  when  about  25  cc.  have  been  added,  and  until  the  solu- 
tion becomes  of  a  decided  red  color  in  the  sixth  jar,  requiring 
about  40  cc.  Then  add  ten  drops  more  of  phenolphthalein  to 
the  latter. 

3.  Add  to  the  seventh  and  eighth  jars  25  cc.  of  normal  sodinm 
carbonate,  and  to  the  former,  five  drops  of  methyl  orange,  and  to 
the  latter,  five  drops  of  phenolphthalein.  Titrate  roughly  to  an 
end-point  with  normal  hydrochloric  acid,  adding  from  a  graduate 
about  50  cc.  to  the  seventh  jar  and  25  cc.  to  the  eighth. 

4.  Add  to  the  ninth  and  tenth  jars  50  cc.  of  normal  phosphoric 
acid  and  to  the  former  jar  five  drops  of  methyl  orange  and  ioi^t 
latter  five  drops  of  phenolphthalein.     Titrate  roughly  to  an  end- 
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point  with  normal  potassium  hydroxide,  adding  from  a  graduate 
about  17  cc.  to  the  ninth  jar  and  about  34  cc.  to  the  tenth. 

Observations  and  Explanations. — i .  The  end-point  is  sharp  and 
requires  for  its  attainment  the  same  quantity  of  acid  whether 
hydrochloric  acid  with  phenolphthalein,  hydrochloric  acid  with 
methyl  orange,  or  acetic  acid  with  phenolphthalein,  is  used;  but 
when  acetic  acid  and  methyl  orange  are  employed,  the  change  of 
color  is  very  gradual  and  requires  a  much  larger  quantity  of 
acid.     These  results  are  explained  as  follows :  hydrochloric  acid 
is  so  much  stronger  (i.  tf.,  more  dissociated)  than  either  phenol- 
phthalein or  methyl  orange,  and  acetic  acid  is  so  much  stronger 
than  phenolphthalein,  that  the  indicator  is  completely  displaced 
from  its  potassium  salt  by  even  an  inappreciable  excess  of  the 
acid  ;  on  the  other  hand,  since  methyl  orange  is  a  relatively 
strong  indicator-acid'  and  acetic  acid  a  relatively  weak  acid,  a 
large  excess  of  the  latter,  whereby  a  considerable  concentration 
of  the  hydrogen  ions  results,  is  necessary  in  order  to  displace  the 
indicator  completely  from  its  salt.     The  sodium  acetate  added 
at   the  close  of  this  experiment  causes  the  yellow  color  of  the 
methyl  orange  salt  to  reappear,  owing  to  the  great  reduction  of 
the  dissociation  of  the  acetic  acid,  whereby  it  loses  its  power  of- 
displacing  the  indicator  from  its   salt ;  this  reduction   by  the 
sodium  acetate  is,  however,  not  suflBcient  to  cause  any  apparent 
change  in  the  phenolphthalein  equilibrium. 

2.  In  titrating  hydrochloric  acid  with  ammonium  hydroxide, 
the  end-point  is  sharp  when  methyl  orange  is  used,  while  the 
change  to  a  pink  color  is  very  gradual  when  phenolphthalein  is 
employed.  The  remarkable  behavior  of  this  last  indicator  is  due 
to  the  fact  that  it  is  such  a  very  weak  acid  that  when  the  base 
also  is  weak,  as  is  the  case  with  ammonium  hydroxide,  the  salt 
resulting  from  their  union  is  so  readily  decomposed  by  water 
that  an  appreciable  quantity  of  it  does  not  form  until  the  ammo- 
nium hydroxide  is  present  in  considerable  excess ;  on  the  other 
hand,  methyl  orange  is  so  strong  an  acid  that  its  salts  even  with 
weak  bases  like  ammonium  hydroxide  are  not  much  hydrolyzed. 
The  addition  of  more  phenolphthalein  at  the  end  of  the  exper- 

^  other  hypotheses  inreg^ard  to  the  behavior  of  this  indicator  have  been  proposed  by 
Kuster  {Ztsckr.anorg.  Chem.,  13, 136)  and  Waddell  (/.  Phys.  Chem.,  a,  171)  ;  but  these  lack 
experimental  verification. 
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iment  intensifies  the  red  color;  for  it  causes,  just  as  theezceas 
of  ammonium  hydroxide  does,  a  decrease  in  the  amount  of  hy- 
drolysis. 

3.  The  results  observed  in  this  experiment  are  indicated  in  the 
description  of  it.  They  are  explained  as  follows :  the  acid  ion 
HCO,,  which  begins  to  form  on  the  first  addition  of  hydrochloric 
acid,  is  less  dissociated  than  either  of  the  two  indicator  adds  and 
consequently  does  not  displace  either  of  them  from  its  salts. 
When  a  little  more  than  one  equivalent  of  acid  has  been  added, 
however,  the  acid  H,CO,  begins  to  form,  and  since  its  dissocia- 
tion is  greater  than  that  of  phenolphthalein  but  less  than  that  of 
methyl  orange,  it  displaces  the  former,  giving  an  end-point,  bnt 
does  not  displace  the  latter. 

4.  The  results  are  indicated  above.  They  are  readily  explained 
with  the  help  of  the  following  assumptions  :  The  acid  H,PO«  is 
a  stronger  acid  than  either  of  the  indicators ;  the  ion  H,PO«  is  t 
stronger  acid  than  phenolphthalein,  but  a  weaker  one  than 
methyl  orange ;  and  the  ion  HPO^  is  a  weaker  acid  than  either 
of  the  two  indicators. 

BXPBRIMBNT  XVI. 

Principle  Illustrated. — The  product  of  the  concentrations  of  the 
ions  of  a  salt  with  which  a  solution  is  saturated  (the  so-called 
solubility-product)  has  the  same  value  whether  or  not  other  sub- 
stances are  simultaneously  present.  The  presence  of  a  second 
salt  with  a  common  ion  therefore  reduces  the  solubility  in  accord- 
ance with  this  principle ;  and  two  different  salts,  one  having  in 
common  the  positive  ion  and  the  other  the  negative  ion  oi  the 
salt  saturating  the  solution,  must  have  the  same  effect  in  ledn- 
cing  the  solubility,  assuming,  as  is  usually  approximately  frne, 
that  the  two  salts  are  equally  dissociated. 

Preparation  of  the  Experiment. — Prepare  500  cc.  of  a  saturated 
solution  of  silver  acetate  by  shaking  an  excess  of  the  solid  salt 
with  warm  water,  cooling,  and  filtering  or  decanting.  Place 
200  cc.  of  this  solution  in  each  of  two  400  cc.  lecture  jars.  Place 
in  graduates  5  cc.  of  fourfold  normal  solutions  of  sodium  acetate 
and  of  silver  nitrate ;  also  provide  a  stirring  rod. 

Experiment. — Add  the  measured  portion  of  sodium  acetate  to 
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one   jar  and  that  of  silver  nitrate  to  the  other  jar  of  the  silver 
acetate  solution,  and  stir  vigorously  for  a  few  moments. 

Observations. — A  feathery  crystalline  precipitate  of  the  same 
character  and  amount  is  produced  in  each  jar. 

EXPERIMENT  XVII. 

Principle  Illnstrated. — The  solubility  of  a  salt  in  water  is 
increased  by  the  addition  of  a  second  salt  with  different  ions 
when  there  can  be  produced  by  metathesis  an  undissociated  sub- 
stance ;  and  the  increase  is  greater,  the  greater  the  amount  of 
this  substance  formed.  Thus,  if  to  saturated  solutions  of  a  salt 
o)  a  partially  dissociated  acid  are  added  other  acids  of  varying 
degrees  of  dissociation,  the  increase  of  solubility  caused  by  these 
will  be  greater,  the  greater  the  degree  of  their  dissociation  ;  for 
the  amount  of  undissociated  acid  produced  by  the  metathesis 
will  increase  with  the  increase  in  the  concentration  of  the  hydro- 
gen ions.  The  formation  of  the  undissociated  substance  increases 
the  solubility  by  decreasing  the  concentration  of  one  of  the  two 
ions  of  the  salt  saturating  the  solution,  thus  making  it  necessary 
for  more  of  the  salt  to  dissolve  in  order  to  reproduce  'the  original 
value  of  the  solubility-product. 

Preparation. — Treat  lo  grams  of  salicylic  acid  with  a  solution 
of  3  grams  of  anhydrous  sodium  carbonate  in  loo  cc.  of  water ; 
filter ;  boil  to  expel  carbon  dioxide ;  add  a  solution  of  9  grams  of 
silver  nitrate  in  100  cc.  of  water ;  and  wash  and  dry  the  precipi- 
tate. Place  about  i  gram  of  it  and  45  cc.  of  water  in  each  of 
four  50  cc.  wide-mouthed,  glass-stoppered  bottles.  Place  in 
each  of  four  lecture  jars  10  cc.  of  hydrochloric  acid  of  1.12 
sp.  gr.  and  250  cc.  of  distilled  water.  Place  on  the  lec- 
ture table  also  the  half-normal  solutions  of  sulphuric,  chlor- 
acetic,  and  acetic  acids  used  in  Expt.  VII ;  a  5  cc.  graduated 
pipette  ;  a  stirring  rod  ;  four  25  or  50  cc.  graduates  with  a  funnel 
containing  a  ribbed  filter  resting  in  the  top  of  each. 

Experiment. — Add,  with  the  help  of  the  graduated  pipette,  5 
cc.  of  the  three  half-normal  acids  to  three  of  the  bottles  contain- 
ing the  silver  salicylate.  Shake  all  four  bottles  vigorously  for 
half  a  minute  and  pour  their  contents  on  to  the  four  ribbed  fil- 
ters.   Allow  25  cc.  to  collect  in  each  graduate  and  pour  the  four 
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25  cc.  portions  into  the  four  jars  of  dilute  hydrochloric  add  in 
the  order,  water,  acetic  acid,  chloracetic  acid,  and  sulphuric  add. 

Observations. — The  jars  to  which  the  water  solution  and  the 
acetic  acid  solution  are  added  show  a  very  slight  and  nearly 
equal  turbidity.  The  turbidity  is  much  greater  in  the  case  of 
the  chloracetic  acid,  and  again  much  greater  in  the  case  of  the 
sulphuric  acid. 


ON  THE  PREPARATION  OF  TRFPHENYLCHLORHETHANE. 

By  M.  Gomberg. 

Received  October  4.  igoo. 

IT  is  generally  stated  in  smaller  as  well  as  in  larger*  text-books 
on  organic  chemistry,  that  when  carbon  tetrachloride  is 
treated  with  benzene  and  aluminum  chloride  triphenylchlor- 
methane  is  the  principal  product  of  the  reactioa .  This  istatement 
is  entirely  erroneous. 

Friedel  and  Crafts,  who  were  the  first  to  study  this  reaction, 
reported'  that  they  obtained  in  this  way  tetraphenylmethane, 
E.  and  O.  Fischer*  were  unable  to  verify  this  result,  but 
could  obtain  only  triphenyl methane.  It  is  to  be  presumed  that 
they  carried  on  this  reaction  in  a  manner  analogous  to  that 
followed  in  the  preparation  of  triphenylmethane  from  chloroform, 
/.  e. ,  the  resulting  products,  after  being  freed  from  the  chloride 
of  aluminum  and  the  excess  of  benzene,  were  subjected  to  frac- 
tional distillation  at  the  high  temperature  of  200*'-36o°  C.  Later, 
Friedel  and  Crafts*  found  that  the  results  vary  according  to  the 
manner  of  procedure.  On  distilling  the  crude  products  at  a  high 
temperature  they  also  obtained  triphenylmethane  and  thus  con- 
firmed E.  and  O.  Fischer's  results.  But  if  the  entire  mixture  as 
obtained  by  the  action  of  aluminum  chloride  and  benzene  upon 
carbon  tetrachloride  is  at  once  treated  with  water,  it  furnishes 
large  quantities  of  triphenylcarbinol.  From  this  they  concluded  . 
that  the  reaction  results  principally  in  the  formation  of  triphenyl- 
chlormethane,  (CgHjjC.Cl,  and  this  on  treatment  with  water 
furnishes  the   corresponding  carbinol.      They    confirmed  tlois 

1  Beilstein:  Handbuch,  II,  287  (3rd  edition). 

2  Compt.  rend.,  1453  (1877). 

»  Ann.  Chem.  (Liebig),  194,  254. 
*  Ann.  chim.phys.y  I,  497  (1884). 
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conclusion  by  the  conversion  of  the  crude  chloride  into  the  ethoxy 
compound : 

(C«H,),C.C1  +  HOC.H,  =  (C,H,),C.OC,H,+  HCl. 

Triphenylmethane  is  therefore  not  the  first  product  of  the  action 
of  benzene  upon  carbon  tetrachloride,  but  is  one  of  the  decom- 
position products  of  triphenylchlormethane,  formed  when  the 
latter  is  subjected  to  high  heat.  That  this  is  likely  to  occur  had 
been  previously  shown  by  E.  and  O.  Fischer  on  the  pure  chloro- 
compound/ 

Of  others  who  have  employed  Friedel  and  Crafts*  reaction  upon 
carbon  tetrachloride  itself  or  upon  its  phenylated  derivatives  may 
be  mentioned  Doebnerand  Magati,*  Schwartz,'  Weisse,*  and  V. 
Meyer.*  They  all  report  the  formation  of  triphenylmethane, — 
due,  no  doubt,  in  every  instance  to  the  subsequent  decomposition 
of  the  triphenylchlormethane.  In  this  connection,  Nencki  and 
MeissePs  work  may  be  mentioned.  Nencki'  has  shown  that 
ferric  chloride  may  with  advantage  be  substituted  for  aluminum 
chloride  in  many  syntheses  where  Friedel  and  Crafts*  reaction  is 
used.  According  to  Meissel,'  by  the  use  of  this  reagent  upon  a 
mixture  of  benzene  and  carbon  tetrachloride,  triphenylchlor- 
methane is  formed,  as  by  subsequent  treatment  75  per  cent,  of  the 
theoretical  amount  of  triphenylcarbinol  can  be  obtained.  **  No 
triphenylmethane  is  formed  in  this  reaction  as  is  the  case  when 
aluminum  chloride  is  employed.*' 

As  a  matter  of  fact,  however,  the  action  of  aluminum  chloride 
upon  a  mixture  of  carbon  tetrachloride  and  benzene  is  exceed- 
ingly smooth,  provided  certain  conditions  are  observed.  I  have 
used  this  reaction  many  times,  and  not  in  a  single  instance  could 
I  detect  any  trace  of  triphenylmethane.  Friedel  and  Crafts  are 
entirely  correct  that  triphenylchlormethane  is  the  principal  prod- 
uct of  the  reaction.  By  observing  certain  precautions  as  to  tem- 
perature of  heating  and  manner  of  decomposing  the  chloride  of 
aluminum,  the  triphenylchlormethane  itself  can  be  easily  isolated 
and  obtained  very  pure,  with  a 'yield  from  70-90  per  cent,  of  the 

1  Ann.  Cfum.  (I^iebig:),  194,  257. 

s  Ibtd.^  la,  1468. 

^Ibid.,  14,  1523. 

4  Ibid.,  a8,  1537 ;  39>  U02* 

( Ibtd.^  a8, 2792. 

^Ibid.,  30,  1776;  3a,  2415. 

7  Ibid.y  3a,  2422. 
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theoretical  quantity.  This  forms  by  far  the  best  method  for  the 
preparation  of  this  compound,  as  by  means  of  it  one  can  easily 
obtain  500  grams  of  the  pure  triphenylchlormethane  in  less  than 
two  days.  The  chloro  compound  may,  therefore,  with  advantage 
replace  the  triphenylbrommethane  in  many  reactions,  as  the  latter 
is  usually  made  from  the  rather  expensive  triphenylmethane. 
Even  by  the  method  of  Allen  and  Kolliker'  it  cannot  always  be 
obtained  free  from  the  bromanthracenes. 

EXPERIMENTAL  PART. 

Aluminum  Chloride, — Gattermann'  called  attention  to  the  fact 
that  the  yield  and  smoothness  of  Priedel  and  Crafts'  reaction 
depend  in  a  great  measure  upon  the  purity  of  the  aluminnm 
chloride.     He  prepared  the  latter  by  the  action  of  hydrochloric 
acid  gas  upon  heated  aluminum.     This  is  at  present  the  method 
generally  employed.     Biltz'  has  noticed  that  in  some  instances 
pure,  freshly  prepared  aluminum  chloride  is  rather  a  detriment, 
and  old,  slightly  deteriorated  reagent  is  to  be  preferred.    That 
chlorine  acts  upon  metallic  aluminum  is  a  fact  well  known,  but 
has  seldom  been  employed  in  laboratories  for  the  preparation 
of  the  chloride.*     I  find  this  to  be  by  far  the  most  convenient 
method  of  preparing  aluminum  chloride,  especially  when  one 
has  access  to  liquid  chlorine.     The  reagent  obtained  in  this 
manner  is  very  reactive.     About  50  grams  of  aluminum  turn- 
ings, thoroughly  washed  and  dried,  are  placed  in  a  combustion 
tube,  the  metal  being  held  in  place  by  loose  plugs  of  asbestos 
wool.     The  tube  is  placed  in  a  combustion  furnace,  one  end  is 
connected  with  the  chlorine  tank,  and  the  other  fits  by  means  of 
an  asbestos  stopper  into  an  iron  receiver.*     The  portion  of  the 
tube  nearest  to  the  receiver  is  now  heated,  and  a  rapid  stream  oi 
dry  chlorine  is  passed  into  the  tube.     The  gas  attacks  at  once 
the  cold  portion  of  the  metal,  provided  the  stream  of  chlorine  is 
quite  rapid.     The  heat  of  the  reaction  is  very  great,  and  the 
metal  is  kept  glowing  throughout  the  length  of  about  3  inches. 
In  about  one  and  one-fourth  to  one  and  one-half  hours  the  reac- 

'^  Ann.  Chem.  (Liebig),  aay,  no. 

s  Stockhausen  u.  Gattermann  :  Ber.  d.  chem.  Ges.,  as,  3521. 
8  Ibid.^  a6,  i960. 

*  My  attention  is  caUed  to  the  fact  that  Brdmann  recommends  this  reaction  in  bis 
"Introduction  to  Organic  Preparations,"  p.  43. 

(  Gattermann :  "Praxis  des  organischen  Chemikers,'*  III.  Auflage. 
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tion  is  finished.  The  yield  is  usually  190-200  grams  of  alumi- 
num chloride,  which  represents  about  80  per  cent,  of  the  theory. 
Sometimes  even  90  per  cent,  can  be  obtained.  By  this  method 
700^-800  grams  of  the  chloride  can  be  prepared  in  one  day  by 
using  only  one  furnace.  The  reagent  prepared  in  this  way  is 
very  reactive,  and  retains  this  property  apparently  unimpaired 
even  after  being  kept  for  two  months. 

Triphenylchlormeihane,  (CgH5),C.Cl. — The  proportions  which 
were  found  to  give  good  results  are  i  part  of  carbon  tetrachloride, 
3.5  parts  of  benzene,  and  about  1.25  parts  of  aluminum  chloride. 
The  carbon  tetrachloride  and  benzene  were  thoroughly  dried  over 
calcium  chloride  and  carefully  fractionated.     The  two  liquids  are 
placed  in  a  round-bottomed  flask  connected  with  a  long  inverted 
condenser  by  an  arrangement  as  suggested  by  Anschiitz.*     The 
aluminum  chloride  is  added  in  portions  of  about  20  grams  each. 
The  reaction  becomes  very  violent.     I  have  not  attempted  to 
moderate  it  by  cooling.     After  all  the  chloride  is  added,  the  mix- 
ture is  heated  on  the  water-bath  for  about  an  hour.     The  next 
step,  the  decomposition  of  the  aluminum  chloride,  requires  cer- 
tain precautions.     The  cooled  mixture  is  poured  in  a  slow  stream 
upon  a  good  quantity  of  pounded  ice,  the  jar  containing  the  latter 
being  itself  surrounded  with  a  cooling  mixture.     The  addition 
of  the  reaction  product  to  the  ice  should  be  done  slowly,  and 
with  constant  stirring.     Benzene  is  ahso  added  from  time  to  time 
in  order  to  keep  the  triphenylchlormethane  in  solution.     After 
all  has  been  added  the  benzene  solution  is  separated  from  the  ice 
and  water  by  a  separating  funnel,  shaken  once  with  ice-water 
containing  hydrochloric  acid,  and  once  with  ice- water  alone. 
It  is  advisable  to  leave  the  two  solutions  in  contact  with  each 
other  as  short  a  time  as  possible.     The  filtered  benzene  solution 
is  dried  thoroughly  over  calcium  chloride,  and  concentrated  on 
the  water-bath  as  far  as  possible.     On  cooling,  over  half  of  the 
pure  triphenylchlormethane  separates  in  large  crystals.     These 
are  removed  by  filtration  and  washed  once  or  twice  with  dry 
ether,  in  which  the  chloro  compound  is  not  very  soluble.     The 
filtrate  is  distilled  first  on  a  water-bath  at  ordinary  pressure,  and 
then  concentrated  by  distilling  off  the  benzene  under  diminished 
pressure.     To  the  very  concentrated  solution  dry  ether  is  again 

^  Ann.  Oum.  (Uebig).  235,  154. 
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added,  and  another  large  portion  of  the  chloro  compound  is  pre- 
cipitated. This  is  treated  in  the  same  way  as  the  first  crop  of 
crystals,  and  is  just  as  pure,  retaining  a  slight  pink  color.  The 
mother  liquid  is  subjected  once  more  to  the  same  treatment- 
evaporating  the  ether,  and  concentrating  under  diminished  pres- 
sure— and  yields  a  third  crop  of  crystals.  By  this  treatment  the 
tripheny Ichlormethane  is  freed  from  both  the  coloring- matter  and 
the  tripheny Icarbinol,  since  both  of  these  are  quite  soluble  in 
ether.  The  last  mother-liquid  contains  all  the  coloring-matter. 
In  several  instances  I  have  evaporated  it  to  a  thick  sirup,  dried 
on  a  porous  plate,  boiled  with  water,  and  obtained  considerable 
quantities  of  tripheny  Icarbinol, — but  never  any  indication  of  tri- 
pheny Imethane.  The  yield  of  the  pure  chloro  compound  varies 
from  70-85  per  cent,  and  enough  carbinol  can  be  obtained  to 
account  for  a  yield  of  90-95  per  cent,  of  the  theory. 

In  the  following  table  are  given  some  of  the  results  obtained: 

Triphenyl- 
Carbon  tetra-  Aluminum      chlor-  Per      TripheiiTl- 

chloride.     Benzene,     chloride.       methane,    cent  of    carbinol 
Grams.        Grams.         Grams.        Grama.       theory.     Grains. 

I 300  1000  300  390  72  22 

II 360  1500  410  500  71 

III 39  150  50  51  78  w 

IV 129  500  150  201  87 

It  has  already  been  mentioned  that  the  triphenylchlormethane 
obtained  by  this  reaction  is  quite  pure,  and  can  be  employed  for 
most  reactions  without  further  purification.  It  melts  usually  at 
io8''-ii2°  C,  while  Hemilian*  gives  it  as  105°-!  15°.  C 

The  following  method  was  found  to  give  equally  good  results 
as  Carius*  for  the  estimation  of  chlorine  in  this  substance.  The 
chloro  compound  is  dissolved  in  alcoholic  potash  (2  per  cent.) 
and  heated  for  a  short  time  on  the  water-bath.  The  alcohol  is 
evaporated,  the  residue  dissolved  in  water,  filtered  from  the  ethyl 
ether  of  triphenylcarbinol,  and  the  chlorine  is  estimated  in  the 
filtrate  in  the  usual  manner  with  silver  nitrate. 

In  the  following  table  are  given  the  results  of  analysis  of  1, 
III,  IV  of  the  preceding  table.  The  chloro  compound  had  been 
obtained  in  three  separate  crops.  Each  crop  was  analyzed 
itself. 

1  Ber.  d.  chem.  Ges.^  7,  1203. 
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First  Second  Third       Calculated  for 

crop.  crop.  crop.  (CeHs)^.Cl. 

1 12.35  12.74  12.69  12.75 

III .    12.45  12.48  12.49  12.75 

IV 12.62  12.60  12.56  12.75 

The  product  obtained  by  this  method  may,  therefore,  be  con- 
sidered quite  pure.  For  further  purification  it  can  be  recrystal- 
lized  from  benzene  alone,  or  better  by  precipitating  it  from  a  con- 
centrated solution  in  benzene  by  means  of  dry  ether.  By  this 
method  large  quantities  of  pure  triphenylchlormethane  can  be 
more  easily  obtained  than  by  the  old  method^ — by  treating  tri- 
phenylcarbinol  with  phosphorus  pentachloride. 

In  conclusion  I  wish  to  express  my  thanks  to  Messrs.  A.  G. 
Marion,  H.  W.  Emerson,  and  F.  L.  Woods  for  their  kind  assis- 
tance in  carrying  out  some  of  the  experimental  work. 

Univbrsity  of  Michigan, 
CuBMicAi.  Laboratory. 
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[preliminary  paper.] 

SOME  time  ago*  I  published  a  method  of  preparing  tetra- 
phenylmethane.  The  yield  was  rather  small  and  I  was 
obliged  to  study  the  solubilities,  composition,  molecular  weight, 
and  the  nitro  derivative  on  about  0.5  gram  of  the  hydrocarbon. 
The  stereochemical  interest  attached  to  this  compound  has 
induced  me  to  take  up  the  subject  once  more,  in  the  hope  of 
obtaining  larger  yields.  I  have,  therefore,  gone  over  most  of  the 
methods  which  have  been  tried  by  others  for  the  preparation  of 
tetraphenylmethane.  My  results,  while  differing  in  detail  from 
those  published  by  others,  agree  in  the  main, — the  hydrocar- 
bon could  not  be  obtained  by  the  usual  reactions.  One  of  the 
main  proofs  advanced  by  me  for  the  constitution  of  tetraphenyl- 
methane was  that  it  furnished  a  tetranitro  derivative  which  gave 
no  colored  salts  with  alcoholic  potash,  while  most  of  the  less 
phenylated  methanes  do  respond  to  this  test.     To  prove  whether 

*  Hemilian  :  Ber.  d.  chem.  Ges.,  7,  laoy. 

2  Ber.  d.  chem.  Ges.^  30,  3043  ;  This  Journal,  ao,  773. 
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this  reaction  could  safely  be  relied  upon  I  decided  to  pr^ 
pare  hexaphenylethane,  (CgH5),C — C(C,Hj),.  This  hydrocar- 
bon should  by  nitration  give  a  hexanitro  body  with  no  hydrogen 
attached  to  the  ethane  carbon  atoms.  Consequently  it  also 
should  give  no  colored  salts  with  sodium  ethylate  or  alcoholic 
potash. 

Accordingly,  triphenylbrommethane  in  benzene  was  treated 
with  metallic  sodium,  but  without  success.  The  chloro  com- 
pound gave  no  better  results.  Molecular  silver  was  substituted 
for  sodium.  After  several  hours'  boiling  a  white  crystalline  body 
began  to  separate,  and  on  filtering  the  hot  benzene  solntion  a 
considerable  amount  of  the  same  substance  separated  on  cooling. 
It  was  recrystallized  from  benzene,  gave  a  constant  melting- 
point,  185"  C,  and  contained  no  halogen.  In  its  high  melting- 
point  and  in  its  only  slight  solubility  in  the  usual  organic  solvents 
it  resembled  closely  tetraphenylmethane,  and  this  new  body  was 
taken  for  hexaphenylethane.  An  elementary  analysis  gave, 
however,  the  following  results  : 

Calculated  for  ' 

(C«H|)«Cs.  Poand. 

Carbon 93.83  87.93 

Hydrogen 6.17  6.04 

The  low  per  cent,  of  carbon  found  was  rather  surprising.  It 
was  explained  on  the  assumption  that  this  was,perhaps,an  instance 
of  a  hydrocarbon  which  is  not  easily  burnt.  The  next  com- 
bustion was,  therefore,  carried  on  in  an  atmosphere  of  oxygen  from 
the  very  beginning.  The  substance  was  mixed  in  the  tube  with 
copper  oxide ;  a  very  high  heat  was  applied  towards  the  end  oi 
the  combustion.     The  results  were  as  follows  : 

Carbon 87.74 

Hydrogen 6.46 

An  entirely  new  lot  of  the  material  was  then  prepared.  Ten 
grams  of  triphenylchlormethane  and  10  grams  of  silver  gave, 
after  several  hours'  boiling,  4  grams  of  the  same  hydrocarbon. 
This  was  recrystallized  twice  from  benzene  and  twice  from  chloro- 
form. It  was  perfectly  free  from  halogen,  was  snow-white,  and 
melted  at  185**- 186°  C.  The  combustion  was  again  made  in  an 
atmosphere  of  oxygen,  lead  chromate  being  used  instead  of  cop- 
per oxide. 
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Carbon 87-77 

Hydrogen 6.23 

The  next  analysis  was  made  in  a  bayonet  tube,  the  tube  being 
filled  with  fine  copper  oxide  for  about  four-fifths  of  its  length,  to 
insure  combustion  of  any  methane  gas  which  would  perhaps 
otherwise  escape.  The  combustion  was  carried  on  slowly,  and 
a  very  high  heat  was  used  towards  the  end. 

Carbon 88.23 

Hydrogen 6.34 

Several  new  lots  of  the  same  substance  were  made  both  from 
the  triphenylbrommethane  and  triphenylchlormethane,  and  puri- 
fied by  successive  recrystallization  from  benzene,  chloroform, 
acetic  ether,  and  carbon  disulphide.  They  all  gave  the  same 
results,  entirely  concordant  with  each  other.  Combustions  were 
then  made  in  a  porcelain  tube,  applying  the  direct  heat  of  the 
furnace ;  also  by  the  moist  method  with  chromic  acid  in  concen- 
trated sulphuric  acid,^  but  with  no  better  result.  I  therefore 
came  to  the  conclusion  that  the  body  under  consideration  was 
not  a  simple  Ijydrocarbon,  but  an  oxygen  derivative.  The  oxy»- 
gen  could  come  from  either  of  two  sources:  first,  the  molec- 
ular silver  may  have  contained  some  oxide  of  the  metal ;  second, 
the  atmospheric  oxygen  may  act  upon  the  hydrocarbon. 

As  only  the  molecular  silver,  and  not  the  finely  powdered 
crystalline  metal  appeared  to  act  in  this  case,  a  very  pure  sam- 
ple of  the  former  was  prepared.  The  moist  silver,  as  obtained 
by  reduction  of  the  chloride  with  zinc,  was  digested  for  a  day 
with  dilute  sulphuric  acid.  It  was  then  thoroughly  washed  by 
decantation,  digested  for  several  hours  with  ammonium  hydrox- 
ide, again  washed  with  water,  then  with  alcohol,  absolute  alco- 
hol, ether,  and  finally  with  benzene.  This  sample  of  silver  gave, 
however,  results  not  differing  from  those  previously  obtained. 
To  make  it  more  ceitain  that  the  oxygen  did  not  come  from  the 
silver,  I  substituted  other  metals  for  it.  Mercury  and  zinc 
were  found  to  act  equally  well,  if  not  better,  and  the  yield  of  the 
oxygen  compound  obtained  by  either  of  these  two  metals  was  even 
greater  than  in  the  case  of  silver.  Another  great  advantage  in 
the  use  of  zinc  and  mercury  is  that  the  reaction  takes  place  at 
ordinary  temperature.     Mercury  is  especially  well  suited  for  a 

1  Fritzsche  :  Ann.  Chem,  (I^icbig),  294,  79. 
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lecture  experiment  showing  this  reaction.  If  a  benzene  solution 
of  triphenylchlormethane  or triphenylbrommethane beshaken ina 
test-tube  for  a  few  minutes  with  some  metallic  mercury  and  the 
solution  rapidly  filtered,  the  separation  of  the  insoluble  oxygen 
compound  in  the  filtrate  will  soon  begin,  due  to  the  absorption 
of  atmospheric  oxygen. 

I  next  proved  that  it  is  really  the  oxygen  from  the  atmos- 
phere which  oxidizes  the  hydrocarbon.  By  working  in  an 
atmosphere  of  carbon  dioxide  no  such  insoluble  componnd  is 
produced,  even  on  weeks'  and  months'  treatment  of  the  halogen 
bodies  with  silver,  mercury,  or  zinc  in  benzene.  After  a  lon^ 
series  of  experiments  I  settled  upon  zinc  as  the  best  reagent 
with  which  to  carry  on  this  reaction.  Ordinary  granulated  zinc, 
zinc  strips,  zinc  dust, — all  act  upon  the  halogen  compounds.  In 
all  further  experiments  what  is  known  qlS  powdered  zinc,  h^ 
from  zinc  dust  by  sifting,  has  been  eraploj^ed.  In  this  form  the 
metal  can  readily  be  obtained  free  from  the  oxide,  is  easily 
handled,  has  a  large  surface  exposure,  and  presents  no  difficul- 
ties in  filtering  from  the  benzene  solution.  Triphenylchlor- 
methane^ has  been  used  altogether  instead  of  the  bromine  com- 
pound. 

The  successful  preparation  of  the  unsaturated  hydrocarbon 
•requires  the  absolute  exclusion  of  oxygen  from  the  apparatas. 
Corks  are  to  be  avoided,  and  even  rubber  stoppers,  exposed  to 
the  action  of  benzene  vapors,  become  after  a  while  porous.  I 
have  constructed  for  this  work  an  apparatus  by  means  of  which 
the  reaction  can  be  carried  on  for  several  weeks,  and  months,  if 
necessary.  The  zinc,  benzene,  and  triphenylchlormethane  are 
first  digested  for  any  length  of  time  desired  at  ordinary  tempera- 
ture; the  solution  is  then  filtered  into  a  distilling  flask  and  the 
zinc  washed  with  fresh  portions  of  benzene.  The  combined 
liquids  are  distilled  under  diminished  pressure  at  30*  C,  and  the 
solid  crystalline  residue  containing  the  unsaturated  hydrocarbon 
can  be  examined  as  to  its  solubility  in  different  solvents,  or 
treated  in  any  manner  desired.  The  apparatus  is  so  arranged 
that  all  these  steps  are  carried  on  in  an  atmosphere  of  dry  carbon 
dioxide.  Only  ground-glass  'joints  are  used.  The  description 
of  the  apparatus  is  reserved  for  a  future  paper. 

1  For  the  preparation  of  this  see  the  preceding^  paper. 
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I.    THE  HALOGEN  IS  TAKEN  OUT  BY  THE  ZINC  QUANTITATIVELY. 

The  zinc  removes  the  halogen  from  triphenylchlormethane 
<iuantitatively  at  ordinary  temperature.  The  zinc  chloride  sepa- 
rates as  a  thick  dark  yellow  sirup,  probably  forming  a  compound 
'with  benzene  similar  to  the  one  produced  by  aluminum  chloride. 
This  is  of  very  great  advantage,  because  by  this  means  fresh, 
clean  surfaces  of  the  metal  are  continually  exposed  for  further 
action.  For  this  reason  the  reaction  is  very  slow,  and  soon  stops 
altogether  when  carbon  tetrachloride  is  substituted  for  benzene. 
With  20  grams  of  triphenylchlormethane,  150  grams  of  ben- 
zene, and  25  grams  of  zinc  the  reaction  is  completed  in  about  five 
to  six  days.  After  removing  the  benzene  solution  and  washing 
the  residue  thoroughly  with  benzene,  the  zinc  chloride  was  dis- 
solved in  water  and  the  chlorine  estimated  in  the  usual  way. 

Triphenyl-         Number 
chlormethane     of  days  of  Chlorine  as 

taken.  digestion.  ZnClj.  Calculated. 

Grams. 

I 5  12  12.61  12.75 

.II 20  5  12.25  12.75 

III 20.  20  12.41  12.75 

II.    THE  UNSATURATED  HYDROCARBON. 

The  clear  filtered  solution  containing  the  unsaturated  hydro- 
carbon is  concentrated  under  diminished  pressure  at  a  tempera- 
ture of  30°-35*  C,  a  slow  stream  of  carbon  dioxide  being  used 
to  prevent  bumping.  When  all  the  benzene  has  been  distilled 
oflF,  a  strong  stream  of  the  gas  is  allowed  to  bubble  through  the 
thick  yellow  sirup,  while  the  temperature  is  raised  to  about  40^ 
C.  On  cooling,  the  whole  residue  solidifies  to  a  crystalline  cake, 
which  does  not  melt  even  at  60°  C.  Even  after  several  weeks* 
standing  it  redissolves  readily  in  benzene  with  the  exception  of 
some  of  the  oxygen  compound  whose  formation  is  due  to  unavoid- 
able leakage  of  the  stop-cocks.  The  hydrocarbon  is  quite  solu- 
ble in  chloroform,  less  so  in  carbon  tetrachloride,  and  is  quite 
readily  dissolved  by  carbon  disulphide.  If  a  concentrated  solu- 
tion of  it  is  allowed  to  stand  for  three  or  four  weeks,  some  large 
transparent  crystals  are  formed.  An  attempt  was  made  to 
remove  these  and  wash  with  petroleum  ether,  but  before  the  opera- 
tion was  finished    enough   oxygen   was  absorbed  to  form  the 
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insoluble  derivative.     I  hope  to  be  able  to  isolate  the  hydrocar- 
bon itself  in  a  pure  state. 

The  body  is  extremely  unsaturated.  A  solution  of  it  in  ben- 
zene or  in  carbon  disulphide  absorbs  oxygen  with  great  avidity 
and  gives  an  insoluble  oxygen  compound.  It  absorbs  chlorine, 
bromine,  and  iodine.     It  does  not  unite  with  carbon  monoxide.* 

III.    DI-TRIPHENYI.MKTHYI,PKROXIDK, 

(C,HJ,C-0-0-C(C.H,)3. 

The  crystalline  compound  which  is  formed  by  the  action  of 
the  atmospheric'  oxygen  upon  a  solution  of  the  unsaturated 
hydrocarbon,  is  the  peroxide  of  triphenylmethyl.  It  is  best  pre- 
pared by  passing  air  or  oxygen  through  a  solution  of  the  hydro- 
carbon in  benzene.  Twenty  grams  of  the  halogen  componnd 
give  about  12  grams  of  the  peroxide.  The  elementary  composi- 
tion fully  agrees  with  that  required  by  the  formula : 

Calculated  for  Found. 

(C«H6)6CtO|.  I.  II.  III.         IV.         V. 

Carbon 88.03  87.93    87.74    87.77    88.22    87.60 

Hydrogen 5.79  6.04      6.46      6.23      6.34     6.09 

This  body  is  characterized  by  extreme  insolubility.  It  is  only 
with  difficulty  dissolved  by  hot  benzene,  toluene,  and  then  not 
without  some  decomposition.  It  can  be  recrystallized  from 
chloroform.  It  is  insoluble  in  ether,  alcohol,  and  water.  It  is 
best  recrystallized  from  carbon  disulphide,  i  gram  dissolving  in 
about  150  cc.  of  the  hot  solvent.  I  have  obtained  by  the  use  of 
this  solvent  remarkably  beautiful  and  regular  crystals,  six-sided 
hexagons,  of  a  very  high  refractive  index.  The  peroxide  melts 
at  185^-186*^0.  (uncorr.) 

It  is  quite  stable  on  exposure  to  air  but  decomposes  gradually 
when  a  solution  of  it  is  heated.  For  this  reason  solvents  of  loir 
boiling-point  are  to  be  preferred. 

Formation  by  Means  of  Sodium  Peroxide, — On  heating  tri- 
phenylchlormethane  in  benzene  with  commercial  barium  per- 
oxide for  several  days  a  small  amount  of  the  triphenylperoxide 
was  obtained.  On  repeating  the  experiment  with  a  purified 
sample  of  barium  peroxide  the  result  could  not  be  duplicated. 
I  have  resorted  to  the  use  of  sodium  peroxide,  and  with  this 

>  Compare  Nef  :  Ann.  Chem.  (Licbig),  ^70,  267. 
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reagent  I  never  failed  to  get  the  peroxide.     A  10  per  cent,  solu- 
tion of  sodium  peroxide  is  made  by  dissolving  the  latter  in  ice- 
^^^ater.     Three  to  four  grams  of  triphenylcblormethane  in  just 
enough  benzene  to  make  a  clear  solution  are  added,  and  a  stream 
oi  air,  free  from  carbon  dioxide,  is  passed  through  the  cold  mix- 
ture until  all  the  benzene  is  evaporated.     The  air  keeps  the  two 
liquids  in  constant  motion  and  fresh  (J[uantities  are  continually 
exposed  to  action.     The  solution  is  now  filtered  and  washed. 
The  unchanged  chloro  compound  and  the  carbinol  are  removed 
iDy  ether  and  the  insoluble  residue  is  boiled  up  with  a  large 
amount  of  carbon  disulphide.   The  filtered  solution  gives,  on  con- 
centration, a  small  amount  of  the  characteristic  crystals  of  the 
peroxide.     This  method  was  repeated  several  times,  with  and 
-without  the  use  of  benzene,  and  has  invariably  given  from  5  to 
10  per  cent,  of  the  calculated  amount  of  the  peroxide.     The 
larger  portion  of  the  chloride  is  chknged  to  the  carbinol,  as  it 
always  does  when  left  in  contact  with  water,  especially  in  pres- 
ence of  alkalies.     The  peroxide  so  obtained  was  identical  with 
the  one  previously  described.     An  analysis  gave  the  following 
figures  : 

Calculated  for 
(C«H»)eCcOt.  Pound. 

Carbon 88.03  87.55 

Hydrogen 5.79  6.00 

That  the  formation  of  the  peroxide  is  really  due  to  the  pres- 
ence of  sodium  peroxide,  and  does  not  result  from  the  oxidation 
of  the  chloride  or  the  carbinol  by  atmospheric  oxygen,  is  shown 
by  the  following  experiment :  Three  grams  of  the  chloride  dis- 
solved in  10  cc.  of  benzene,  were  added  to  100  cc.  of  a  10  per 
cent,  solution  of  sodium  hydroxide,  and  air  was  passed  through 
the  flask  exactly  in  the  same  way  as  when  sodium  peroxide  was 
used.  On  working  up  the  product  not  a  trace  of  triphenylmethyl- 
peroxide  was  found. 

Molecular  Weight, — Attempts  to  get  an  exact  determination  of 
the  molecular  weight  have  not  proved  as  successful  as  desired. 
The  peroxide  is  only  slightly  soluble  in  the  usual  organic  sol- 
vents, and,  therefore,  only  a  slight  elevation  of  the  boiling-point 
could  be  expected,  from  o.oo3**-o.i5o°  C.  I  have  found  no  liquid 
or  low-melting  solvent  which  could  be  used  for  the  freezing-point 
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method.  In  using  the  boiling-point  method  it  was  found  neces- 
sary to  select  as  low-boiling  a  solvent  as  possible,  since  the  per- 
oxide suffers  gradual  decomposition  at  higher  temperatures. 
Carbon  disulphide  was  tried  first.  As  the  solubility  of  the  per- 
oxide in  this  solvent  is  only  about  i  gram  in  150  cc,  the  maxi- 
mum rise  of  temperature  could  not  be  expected  to  be  above 
0.040**  C.  I  therefore  constructed  an  apparatus  similar  to 
the  one  described  by  Jones/  From  100-200  grams  of  the  sol- 
vent could  then  be  employed  for  a  single  determination.  By  this 
means  the  influence  of  the  absolute  error  due  to  the  weighings, 
vaporization  of  the  solvent,  etc.,  is  greatly  reduced.  The  appa- 
ratus proved  very  reliable,  and  the  solvents  employed  could  be  kept 
boiling  for  an  hour  with  a  variation  of  temperature  not  exceeding 
0.002^  C.  Tested  on  triphenylmethane  the  apparatus  gave  a 
molecular  weight  of  252  (244  calculated)  when  1.2862  grams  of 
the  substance  and  113  grams  of  the  solvent  were  employed. 
The  rise  of  temperature  was  to  0.107°  C. 


1 2 1.7  0.7300  0.035  0.028  406 

The  temperature  remained  constant  for  about  fifteen  to  twenty 
minutes;  after  that  it  gradually  began  to  rise,  about o.oor  every 
ten  minutes.  The  experiment  was  interrupted  when  0.045  was 
reached.  The  solution  was  yellowish,  showing  slight  decompo- 
sition of  the  peroxide. 

Solvent  :  Benzene.    K  =  2770. 

Benzene.  Peroxide.  Rise  in  Calculated  rise        Molecular 

Grams.  Grams-  boiliug-point.  form  =  51S.  veigbt. 

66  0.853  0-09  0.070  448 

This  temperature  remained  constant  for  about  ten  minutes, 
after  that  the  rise  was  gradual  until  in  an  hour  it  reached 
0.185°  C-     The  solution  was  then  quite  yellow. 

Ethylene  dibromide  was  also  tried,  but  as  this  boils  still 
higher,  there  was  even  more  rapid  decomposition.  The  results 
in  the  main  agree  with  those  obtained  when  benzene  was  used. 

The  only  conclusion  that  can  be  safely  drawn  from  these 
results  is  that  we  have  here  a  substance  of  very  high  molecular 

1  Am.  Chem.J.,  19,  581. 
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Tireiglit,  above  400  at  least.     The  formula  for  the  peroxide  would 
require  518. 

Conversion  of  the  Peroxide  into  the  Carbinol. — The  peroxide  dis- 
solves in  cold  concentrated  sulphuric  acid  with  considerable 
evolution  of  heat,  giving  a  yellow  solution  which  soon  turns 
dark,  and  finally  almost  black.  The  sulphuric  acid  does  not 
induce  any  explosion  as  is  the  case  with  most  organic  peroxides. 
On  diluting  the  acid  with  water  the  triphenylcarbinol  is  precipi- 
tated out  as  a  dark  flocculent  precipitate. 

2.85  grams  of  the  pure  peroxide  were  dissolved  in  25  cc.  of 
sulphuric  acid  and  allowed  to  stand  over  night.  The  solution 
^vas  then  poured  upon  ice  and  the  precipitate  separated  by  fil- 
tration. It  was  dissolved  in  ether,  and  the  dark  ethereal  solu- 
tion was  repeatedly  shaken  with  dilute  sodium  hydroxide  until 
the  ether  was  only  of  a  pale  yellow  color.  The  dried  ethereal 
solution  was  then  concentrated  to  a  small  bulk  and  rhigolene  added. 
Crystals  of  triphenylcarbinol  separated  and  were  almost  pure, 
melting  at  i59°-i6o°  C.  The  yield  was  1.948  grams,  which  rep- 
resents 70  per  cent,  of  the  peroxide  taken.  The  mother- liquid, 
on  concentration,  gave  additional  0.215  gram,  and  0.050  gram 
was  obtained  from  the  third  crop,  making  a  total  of  almost  80 
per  cent.  The  remaining  20  per  cent,  were  probably  oxidized 
by  the  oxygen  evolved  or  perhaps  sulphonated,  as  the  sodium 
hydroxide  removes  all  the  dark  color  from  the  ethereal  solution. 
An  analysis  gave  the  following  results  : 

0.2910  gram  substance  gave  0.9330  gram  carbon  dioxide  and 
0.1654  gram  water. 

Calculated  for 

(C«H6)8C.OH.  Found. 

Carbon 87.69  87.44 

Hydrogen 6.15  6.31 

The  reaction  may  therefore  be  represented  by  the  following 
equation : 

(C.H,),C-0  (C.H,),C.OH 

I      +     H,0     =  +0. 

(C,H,),C-0  (C,H,),C.OH 

Di-trinitrotriphenylmeihylperoxidey  (C,H^N0,)5C  —  O  —  O  — 
CCC^H^NOj),.— Brodie,^  Vanino,*  and  Nef  have  shown  that  the 

1  Ann.  Chetn.  (Liebig^),  Suppl.  Ill,  209. 

*  Ber.  d.  chem.  Ges.,  30,  2004 ;  33,  1045. 

*  Ann.  Chem.  (Liebig),  398,  287. 
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superoxides  of  acid  radicals  can  be  nitrated  with  fnming  nitric 
acid.  The  peroxide  here  described  shares  the  same  property.  It 
forms  very  readily  a  hexanitro  compound.  One  gram  of  the 
peroxide  gave  1.375  grams  of  the  pure  nitro  body,  while  theory 
requires  1.555  grams.  The  nitro  compound  is  insoluble  in  the 
usual  organic  solvents.  One  gram  refuses  to  dissolve  completely 
in  500  cc.  of  boiling  glacial  acetic  acid.  It  is  best  recrystallized 
by  dissolving  it  in  nitrobenzene  at  i20*'-i3o**  C,  and  precipitating 
with  petroleum  ether. 

Calculated  for  Pound. 

CwH^NeO,*.  I.  n. 

Carbon 57.87  57.55 

Hydrogen 3.05  3.34 

Nitrogen 10.65  i '  -03  '0^94 

IV.    TRIPHENYLIODOMBTHANK, 
(C,H,),C.I. 

The  unsaturated  hydrocarbon,  which  is  formed  when  the  halo- 
gen is  removed  from  triphenylchlormethane,  unites  not  only  with 
oxygen,  but  also  instantly  with  chlorine,  bromine,  and  iodioe. 
The  reaction  with  chlorine  and  bromine  is,  however,  not  one  of 
mere  addition.  The  hydrocarbon  is  so  reactive  that  even  at 
— lo*  C.  chlorine  and  bromine  act  both  by  addition  and  substi- 
tution. When  the  hydrocarbon,  entirely  freed  from  benzene,  is 
dissolved  in  carbon  tetrachloride  there  is  always  some  hydro- 
chloric and  hydrobromic  acid  produced  on  the  addition  of  the 
halogen.  Triphenylchlormethane  and  triphenylbrommethaDC 
are  among  the  products  but  it  is  not  easy  to  separate  the  substi- 
tution halogen-compounds  formed  at  the  same  time.  This  ^ea^ 
tion  will  be  further  studied. 

Iodine  is  absorbed  by  the  hydrocarbon  as  readily  as  the  other 
two  halogens.  When  a  solution  of  the  hydrocarbon  in  carbon 
disulphide  is  treated  at  o**  C.  with  a  solution  of  iodinein  the  same 
solvent,  the  latter  is  instantly  decolorized.  The  end-reaction  is 
quite  sharp.  In  one  instance,  working  with  a  product  from  20 
grams  of  triphenylchlormethane,  6  grams  of  iodine  were  absorbed, 
which  is  equivalent  to  12  grams  of  (CeH5),C —  ;  in  another  case, 
where  25  grams  of  the  chloro  compound  were  employed,  the 
absorption  amounted  to  8  grams  of  iodine.  The  isolation  of  the 
iodo  compound  requires  considerable  precautions,  as  it  is  a  very 
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unstable  body.  I  have  found  it  best  to  work  in  an  atmosphere 
of  dry  carbon  dioxide,  but  am  not  as  yet  prepared  to  say  whether 
it  is  the  oxygen  or  the  moisture  of  the  air  that  affects  it  most. 
Probably  it  is  the  latter.  The  solution  of  the  iodo  compound 
was  filtered  to  remove  a  slight  amount  of  a  periodide^  and  the  per- 
oxide. To  the  clear  carbon  disulphide  solution  rhigolene  was 
added  and  the  mixture  cooled  in  ice.  After  some  crystals  had 
separated  the  liquid  was  transferred  to  another  flask  and  cooled 
again,  when  more  crystallized  out.  This  last  crop  was 
recrystallized  by  dissolving  it  in  carbon  disulphide  and  precipi- 
tating with  rhigolene.  The  crystals  were  of  a  pale  yellow  color, 
the  same  in  appearance  as  the  chloro  compound  when  the  latter 
is  similarly  precipitated.  The  cr>'stals  were  washed  several 
times  with  rhigolene  and  dried  rapidly  in  vacuo. 

The  iodine  was  estimated  by  treating  a  weighed  sample  of  the 
compound  in  dilute  alcohol  with  ammonia  and  zinc  dust.  The 
hot  alcoholic  solution  was  filtered,  the  zinc  washed  thoroughly 
with  hot  alcohol,  and  then  with  water.  The  alcohol  washings 
were  concentrated,  filtered,  and  the  residue  was  exhausted 
with  water.  The  insoluble  portion  was  purified  with  ether,  and 
was  identified  as  triphenylcarbinol.  It  melted  at  153**  C,  prob- 
ably due  to  the  presence  of  some  triphenylmethane.  On  recrys- 
tallizing  twice  from  alcohol  the  melting-point  was  raised  to  157*- 
159**  C.  The  yield  of  the  carbinol  was  0.383  gram,  while  the 
calculated  quantity  for  the  0.602  gram  of  triphenyliodomethane 
was  0.422  gram. 

0.602  gram  substance  gave  0.3704  gram  Agl. 

Calculated  for 
(C«Hft)8C.I.  Found. 

Iodine 34.29  33.23 

The  iodide  turns  dark  very  readily  and  loses  iodine.  It  is  very 
unstable.  It  melts  approximately  at  135*  C,  with  decomposi- 
tion. Water,  especially  in  the  presence  of  alkalies,  converts  it 
into  triphenylcarbinol,  a  reaction  similar  to  that  with  the  corre- 
sponding chloro  and  bromo  compounds.  Alcohol,  however, 
behaves  in  this  case  differently.  On  boiling  with  alcohol  large 
quantities  of  iodine  are  set  free  and  the  body  is  reduced  by  the 

*  For  a  periodide  of  triphenylbrommethane,  see  this  Journal,  jo,  790. 
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alcohol  to  triphenylmethane,  while  in  the  case  of  triphenylchloT' 
methane  and  triphenylbrommethane  the  ethyl  ether, 

(C.H,)3C.OC,H,/ 

is  formed.  The  triphenylmethane  was  freed  from  a  small  amount 
of  the  unreduced  ether  by  fractional  crystallization  from  alco- 
hol, and  was  identified  by  its  characteristic  crystals  containing 
benzene  of  crystallization  and  melting  at  77°  C.  On  exposnre 
to  air  the  benzene  of  crystallization  was  lost  and  the  crystals 
melted  at  92**  C. 

V.    TRIPHENYI.METHYL,, 

(CeH,),=C. 

The  experimental  evidence  presented  above  forces  me  to  the 
conclusion  that  we  have  to  deal  here  with  a  free  radical,  tri- 
phenylmethyl,  {CJi^)^C.  On  this  assumption  alone  do  the 
results  described  above  become  intelligible  and  receive  an  gdt- 
quate  explanation.  The  action  of  zinc  results,  as  it  seems  tome, 
in  the  mere  abstraction  of  the  halogen,  leaving  the  free  radical, 

(C,H,)3C.C1  +  zn  =  (C.HJ,C  +  znCl. 

The  radical  so  formed  is  apparently  stable,  for  it  can  be  kept 
both  in  solution  and  in  the  dry  crystalline  state  forweeksw    The 
radical  refuses  to  unite  with  another  one  of  its  kind,  and  thus 
forms  a  distinct  exception  to  all  similar  reactions.     It  might  be 
said   that,    perhaps,    it  does  polymerize  to  hexaphenylethane, 
(CgHJsC — CCQHj),,   but  this  hydrocarbon  is  so  unstable  that 
mere  exposure  to  air  is  sufficient  to  break  it  down.    Such  an 
assumption  seems  to  me  less  tenable  than  that  of  a  free  radical. 
Hexaphenylethane  must,  according  to  all  our  present  notions  of 
valence,  be  a  saturated  compound.     Yet  the  hydrocarbon  under 
consideration  is  decidedly  unsaturated.     We  know  of  no  better 
positive  test  for  unsaturation  in  hydrocarbons  than  the  absorp- 
tion of  halogens.     Perhaps  chlorine  and  bromine  would  in  this 
case  attack  and  decompose  hexfiphenylethane,  if  that  be  the 
hydrocarbon;  but,  certainly,  a  dilute  solution  of  iodine,  at  0*  C, 
would  scarcely  do  that.     It  seems  to  me  rather  that  hexaphenji- 
ethane,  once  formed,  would  prove  quite   a   stable  compound. 
This  may  be  justly  inferred  from   analogous  reactions,  where  a 

1  Hemilian  :  Bgr,  d.  chem.  Ges.,  7,  1208. 
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fourth  heavy  radical  has  been  successfully  introduced  into  the 
methane, — as  is  the  case  with  triphenylthiophylmethane, 
(C,H5),.C.C,H,S/tetraphenylmethane,(C,H5),C.C,H5,'triphenvl- 
acetic  acid,*  etc.  It  is  a  phenomenon  parallel  to  that  expressed 
by  V.  Meyer's  esterification  law  of  diortho  substituted  aromatic 
acids  :  It  is  very  difficult  to  introduce  an  alkyl  into  the  carboxyl 
of  such  acids  by  the  usual  me^Aod  oi  esteri^csition,  but  once  intro- 
duced, it  is  just  as  difficult  to  remove  it  again. 

On  the  assumption  of  the  existence  of  triphenylmethyl  itself, 
as  such,  all  the  reactions  of  the  unsaturated  body  become  clear. 
Oxygen  adds  itself,  a  whole  molecule,  and  gives  the  peroxide  : 

(C.H,)  =C        O  .  (C.H,)  =C-0  . 

+    II     =  |. 

(C.H,)=C        O  (C.H,)=C-0 

The  addition  of  a  molecule  of  oxygen  is  entirely  in  accord  with 
the  recent  studies  of  M.  Traube,  van  't  Hoff,  Engler,  Manchot, 
Bach,  Baeyerand  Villiger,  and  Nef .  This  case  forms  an  excellent 
illustration  of  Engler's*  theory  that  **  autoxidation*'  results  first 
of  all  in  the  formation  cf  superoxides.  The  action  of  halogens 
upon  the  unsaturated  body  is  primarily  that  of  addition.  Thus 
iodine  gives  triphenyliodomethane  : 

(C.H,)=C  I  (C.H,)=C-I 

+      I      = 
(C,H,)=C  I  (C,H,)=C-I 

That  the  unsaturated  hydrocarbon  is  not  the  result  of  some 
complicated  reaction  between  triphenylchlormethane,  benzene, 
and  the  nascent  zinc  chloride  formed  during  the  experiment,  is 
proved  by  the  following  :  5  grams  of  the  halogen  compound  were 
dissolved  in  100  cc.  of  carbon  disulphide  and  shaken  at  intervals 
with  100  grams  of  metallic  mercury  for  two  days.  The  clear  fil- 
tered solution  on  exposure  to  air  furnished  3.8  grams  of  tri- 
phenylmethyl peroxide.  Five  grams  of  triphenylchlormethane, 
treated  with  zinc  and  benzene  for  four  days,  gave  3.1  grams  of  the 
peroxide. 

The  existence  of  triphenylmethyl  implies,  of  course,  the  exist- 
ence of  trivalent  carbon,  at  least  in  this  particular  instance.     The 

1  Weisse  :  Ber.  d.  cAem.  Ges.^  a8,  1538. 

*  Combers: :  /bid.,  30,  2043. 

*  E-  and  O.  Fischer:    Ann.  Chem.  (I,iebig),    194,260;  Heyl  and  V.Meyer:  Ber.  d. 
chem.  Ges.,  aS,  2782. 

*  Ber.  d.  chem.  Cea.,  30,  1669;  33,  1090, 1097. 
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conception  of  such  a  trivalent  carbon  in  this  instance  is  entiidr 
distinct  from  that  which  is  ascribed  to  it  by  some  in  benzene,  or 
even  in  ethylene,  where  there  are  always  two  adjoining  caiboo 
atoms  acting  as  trivjlent.  The  unsaturation  in  such  cases  has 
always  been  indicated  by  a  '*  double  linking."  In  triphenjl. 
methyl  there  is  only  one  carbon  atom  that  is  unsaturated.  The 
existence  of  such  a  body  means  that  when  three  valences  of  car- 
bon are  taken  up  by  three  phenyl  groups  it  is  difficult,  or  per- 
haps even  impossible,  to  introduce  as  a  fourth  group  snch  a  com- 
plicated radical  as  (C,H,),C — .  Only  simpler  groups,  chlorioe, 
bromine,  iodine,  oxygen,  etc.,  may  still  combine  withsncha 
carbon  atoqi.  Whether  this  be  due  to  the  negative  characterof 
the  three  phetnyl  groups,  or  whether  it  is  caused  by  the  fact  that 
these  groups  take  up  so  much  space  around  the  carbon  atom  as 
to  hinder  the  introduction  of  another  complicated  group,  is  a 
question  of  an  entirely  different  nature  and  need  not  be  discussed 
here.  There  are,  however,  numerous  reactions  which  gotoshow 
that  there  is  a  limit  to  the  number  of  complicated  groups  which 
can  ordinarily  be  linked  to  one  and  the  same  carbon  atom.  A 
few  of  these  reactions  may  be  mentioned. 

Hemilian,*  Friedel  and  Crafts,*  E.  and  O.  Fischer,*  Magati,* 
Schwartz,*  V.  Meyer,*  Weisse,^  Waga,*  and  Meisel,*  have  aH 
attempted  to  prepare  tetraphenylmethane,  but  in  all  cases  tii- 
phenylmethane  resulted.  Even  such  comparatively  simple  con- 
pounds  as  (C,H5),C.C,H5,*^  or  (C,H5)3C.CH„"  could  not  be 
obtained  by  reactions  from  which,  a  priori,  we  should  certainlj 
expect  the  formation  of  such  bodies.  The  disinclination  of  car- 
bon to  hold  more  than  three  complicated  groups  is  well  illastra- 
ted  by  the  results  of  Anschiitz's"  extended  researches  on  tetra- 
phenylethane,  A  large  number  of  methods  which  ought  to  give 
the     unsymmetrical    derivative,     (C,H5),C.CH,(C,H.),  always 

I  Ber,d.  chem.  Ges,^  7,  1209. 

s  Ann.  chim,phyi,y  1884, 1,  497. 
s  Ann.  Chem.  (I^iebig),  194,  254. 
4  Ber.  d.  chem.  Ges.,  13,  1468. 
» Ibid.,  14,  1533. 

*  Ibid.,  38,  2793. 

f  Ibid.,  38,  1538 ;  39»  X4oa. 

*  Ann.  Chem.  (Liebigf),  aSa,  330. 

*  Ber.  d.  chem.  Ges.,  33,  2422. 

^^  H.  and  O.  Fischer  :  Ann.  Chem.  (Liebig),  194,  259. 

II  Biltz  :  Ibid.,  396,  253. 
^  Ibid.,  335,  »3. 
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gfive  the  symmetrical  one,  (CjHJjCH.CHCC.Hj),.     And  lastly, 
the  abnormal  behavior  of  tetraphenylethylene  towards  bromine, 
as  found  by  Biltz,^  shows  again  the  same  point.      Bromine  will 
substitute  in,  but  not  add  itself  to,  tetraphenylethylene,  although 
-we    have   here    an    unsaturated   linking,  (C,H5),C  :  CCC^H^),. 
Tbiese  and  a  number  of  other  facts  show  conclusively  that  with 
tliree  valences  of  carbon  taken  up  by  such  complicated  or  large 
g^roups  as  phenyl^  the  fourth  valence  can  ordinarily  be  linked  to 
atom^  or  groups  of  simple  construction  only.     Now,  as  a  result 
of  the  removal  of  halogen  from  triphenylchlormethane  in  benzene 
by  zinc,  or  in  carbon  disulphide  by  mercury,  the  fourth  valence 
of  the  methane  carbon  is  bound  either  to  take  up  the  complica- 
ted group  (C,Hj),C — ,  and  polymerize,  or  remain  as  such,  with 
carbon  as  trivalent.     Apparently  the  latter  is  what  happens. 

In  conclusion,  it  may  be  mentioned  that  the  action  of  metals 
upon  triphenylhalogenmethane  has  been  tried  before.  Elbs' 
acted  upon  triphenylbrommethane  with  sodium,  magnesium,  and 
copper.  Anschiitz'  employed  sodium  upon  a  mixture  of  tri- 
phenylbrommethane and  benzyl  chloride.  The  action  of  metals 
upon  the  di-  and  monophenylhalogen  methanes  has  also  been 
extensively  studied.  While  diphenyldichlormethane  loses  all 
its  halogen  and  gives  tetraphenylethylene,  compounds  of  the  type 

R,C^      or      yC^       lose  halogen  acid.     Thus,  benzyl  chlo- 

x:i     K^  ^ci 

ride,  when  treated  with  zinc,*  zinc-copper  couple,*  gives  poly- 
mers and  reduction-products  of  phenylmethylene.  Recently 
Nef  has  used  aluminum  chloride  upon  benzyl  bromide  in  the 
hope  of  splitting  off  hydrobromic  acid  and  thus  obtaining  the  free 
radical  phenylmethylene,  (C,H5)CH.  The  formation  of  the  lat- 
ter as  an  intermediate  product  was  made  quite  probable,  but  the 
isolation  of  it  proved  impossible,  owing  to  a  rapid  polymeriza- 
tion. 

This  work   will  be  continued  and  I  wish  to  reserve  the  field 
for  myself. 

UNZVBESITT  OF  MiCHIOAM, 

Chbmical  Laboratory, 
Ansrast,  1900. 

1  Ann.  Chem.  (Liebig),  396,  331. 

*  Ser.  d.  chem.  Ges.,  17,  700. 

*  Ann.  Chem,  (Uebig),  335,  226. 
4  Zinke :  Ibid.,  159.  1368. 

*  Gladstone  and  Tribe :  J.  Oum.  Soc.,  45,  IS4 ;  47»  448- 

*  Ann.  Chem.  (Mebig),  398,  348. 
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THE    SEPARATION     OF     TUNGSTEN     TRIOXIDE    FROn 

nOLYBDENUn  TRIOXIDE. 

By  Max  J.  Rukobkbrrg  akd  Hdoar  P.  Smith. 

Receired  SepCember  7.  1900. 

THE  separation  of  tungsten  from  molybdenum  is  always  of 
interest  to  those  who  are  brought  in  contact  with  analyti- 
cal methods.  It  has  been  the  subject  of  numerous  investigations 
and  much  discussion,  and  while  comparatively  good  methods 
exist  for  this  purpose,  the  analyst  continues  to  seek  for  others. 
hoping  that  eventually  he  shall  find  a  procedure  which  will  be 
satisfactory  in  all  respects  and  under  nearly  all  conditions. 

The  writers  have  not  discovered  the  method  par  excellence,  but 
desire  to  offer  briefly,  in  the  following  lines,  their  experience  in 
pursuing  a  suggestion  made  in  an  article  emanating  froin  this 
laboratory  ;  viz, ,  *  *  tungstic  acid  is  •  •  • .  insoluble  in  concentra- 
ted or  dilute  sulphuric  acid,  hot  or  cold,  whereas  molybdennm 
trioxide  is  very  easily  and  rapidly  dissolved,  so  that  we  have  in 
this  deportment  a  very  simple  and  exact  method  for  the  separa- 
tion of  the  two  metals."* 

No  analytical  data  accompanied  this  declaration  ;  therefore  it 
seemed  not  improper  to  attempt  to  learn  the  conditions  most 
favorable  for  the  separation.  Upon  trial  it  was  found  that  sul- 
phuric acid  of  specific  gravity  1.378,  dissolved  molybdenum  tri- 
oxide very  readily  and  apparently  did  not  affect  the  tungsten 
trioxide.  Acid  of  this  concentration  was,  therefore,  used  with 
the  following  mixture  of  the  two  oxides  : 

!•  07355  gram  of  tungsten  trioxide  and  0.0185  gram  of  molyb- 
denum trioxide  were  digested  for  a  few  minutes  with  25  cc.  of 
warm  sulphuric  acid.  The  insoluble  portion  was  filtered  out 
and  washed  with  water  containing  sulphuric  acid.  After  drying 
it  was  ignited  and  weighed.     It  equaled  0.7350  gr^m. 

The  other  trials,  conducted  in  precisely  the  same  manner,  weit 
as  follows : 


Tungsten  trioxide  taken . . . 
Molybdenum  trioxide  taken  2.2712 
Tungsten  trioxide  found  .  • 

I  Bn.  D.  Desi :  Thitt  Journal,  zg,  242. 
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The  filtrate  containing  the  dissolved  molybdic  acid  showed  no 
tung^stic  acid  upon  examination. 

These  results  indicate  that  where  the  two  oxides  are  present 
together  this  mode  of  separation  is  apparently  of  value  and 
merits  consideration. 

A  weighed  quantity  of  a  ferric  salt  equivalent  to  5  grams  of  fer- 
ric hydroxide  was  precipitated  with  ammonia  water  and  theresult- 
ingf  precipitate,  after  being  washed,  was  mixed  in  a  beaker  with 
different  amounts  of  tungsten  trioxide,  and  the  resulting  mixture 
was  then  digested  with  sulphuric  acid  of  the  strength  of  that 
used  in  the  preceding  experiments.  The  residual  oxide  wa3 
treated  as  before  : 

I.  II.  III.  IV.  V.  VI. 

Grams.    Grams.    Grams.    Grams.     Grams.    Grams. 

TuDgsten  trioxide  taken  . .  0.5282    0.2087    1.3270    0.2004    0.9091    0.2263 

Ferric  hydroxide  taken  . .  •  5.0000    5.0000    5.0000    5.0000    5.0000    5.0000 

Tungsten  trioxide  found  ..  0.5278    0.2086     1.3265    0.2003    0.9088    0.2262 

We  may  conclude  from  these  trials  that  the  solubility  of  the 
trioxide  in  the  sulphuric  acid  is  in  no  wise  affected  by  the  pres- 
ence of  the  iron. 

University  of  Pennsylvania. 
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The  Mineral  Industry  :  Its  Statistics,  Technoix>gy,  and*^Trade  ih 
THE  United  States  and  Other  Countries,  to  the  End  of  1899. 
Edited  by  Richard  P.  Rothwell.  Vol.  VIII.  I/arge  8vo. 
xxviii-f  986  pp.  With  many  illustrations.  New  York :  The  Scientific 
Publishing  Co.     Price,  J5.00. 

This  new  annual  volume  of  a  well-known  and  greatly  valued 
series  fully  sustains  the  reputation  already  obtained.  The  dif- 
ficulty in  obtaining  accurate  information  of  this  character  is  well 
known,  and  the  rapid  publication  of  a  large  volume  like  this,  re- 
quiring the  cooperation  of  so  many  persons,  reflects  the  greatest 
credit  upon  all  those  concerned  in  it.  The  year  1899  was  a 
great  year  for  the  mineral  industry  in  the  United  States,  the 
production  in  nearly  all  metals  and  minerals  showing  a  decided 
increase.  This  is  especially  noticeable  in  Portland  cement, 
where  the  increase  is  from  3,584,586  barrels  of  400  lbs.  in  1898 
to  5,805,620  barrels  in  1899.     Among  the  new  products  listed  in 

recent  years  are  ferromolybdenum,  6,000  lbs.  in  1899  J  niolybde- 
25-22 
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num,  30,000  lbs.;  tungsten,  45,000  lbs.;  and  Fuller's  earth, 
13*360  tons. 

Among  special  articles  of  note  are  those  on  'Trogressinthc 
Aluminum  Industry,"  by  John  B.  C.  Kershaw;  '*The  Occur- 
rence and  Genesis  of  Californian  Asphalt,"  by  A.  S.Cooper; 
* 'Notes  on  the  Metallurgy  of  Bismuth,"  by  W.  Borchers;  "Cal- 
cium Carbide,"  by  John  B.  C.  Kershaw;  **  The  Hydraulic  Ce- 
ment Industry  in  the  United  States  in  1899,"  by  Frederick  E 
Lewis;  **Notes  on  the  Metallurgy  of  Chromium."  by  W.  Bor- 
chers; **  Notes  on  the  Coarse  Pottery  Production  of  Great  Bri- 
tain." by  Wilton  P.  Rix;  *'Fuel  arid  Its  Economical  Utiliu- 
tion,"  by  William  Kent ;  ** Progress  in  the  Electrolytic  Refining 
of  Copper  during  1899,"  by  Titus  Ulke;  **Hofmann's  Method 
for  the  Manufacture  of  Blue  Vitriol,"  by  Ottokar  Hoffmann; 
**The  Cutting  and  Polishing  of  Precious  Stones,"  by  Leopold 
Claremont ;  * 'Glass,"  by  Robert  Linton  ;  **Rare  Elements,"  by 
Victor  Lenher  ;  "The  Electrolytic  Production  of  Caustic  Soda," 
by  Alfred  T.  Weightman;  "The  Manufacture  of  Sulphnric 
Acid  Stronger  Than  Chamber  Acid,"  by  F.  J.  Falding;and 
"The  Sulphur  Industry  of  Italy,"  by  Giovanni  Aichino. 

This  list  is  only  a  partial  one.  Many  of  the  articles  are  illus- 
trated, and  not  a  few  contain  real  contributions  to  the  literature 
of  the  subjects  treated.  E.  H. 

Annau  dbI/  Laboratorio  Chimico  Cbntrai^e  dbixb  Gabeuli 
DiRETTi  DEI,  Dr.  Vittorio  Vii^lavecchia.  Vol.  IV.  Roma  Tipo- 
grafia  Elzeviriana,  di  Adelaide  ved.  Pateras.     1900.    528  pp. 

The  report  of  the  Central  Chemical  Laboratory  of  the  Italian 
Customs,  Vol.  IV,  by  Dr.  Vittorio  Villavecchia  for  the  years  1898 
and  1899  contains  nineteen  papers  or  reports  on  the  methods  oi 
analysis  or  examinations  of  the  character  of  manufactured 
articles  and  natural  products  which  are  of  commercial  import- 
ance to  the  country.     They  comprise  the  following. 

1.  "  The  Composition  of  Wines  Imported  into  Italy  during 
the  Period  from  1890-1897."     V.  Villavecchia. 

2.  "  Methods  for  the  Analysis  of  the  Essential  Oils  of  Bitter 
Fruits  (Lemon,  Orange,  Bergamot)."  G.  Fabris.  Contains 
interesting  details  of  the  methods  of  extraction  as  well  as  an 
account  of  the  composition  of  the  pure  essences  and  the  methods 
of  detecting  adulteration.    The  principal  adulterant  seems  to  be 
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oil  of  turpentine  but  the  detection  of  its  presence  in  small  pro- 
portion does  not  seem  very  certain. 

3.  ''Artificial  Turpentine."     G.  Fabris. 

4.  •*  On  the  Analysis  of  Coal  Tar  and  Its  Preparations." 
G.  Fabris. 

5.  **  Contribution  to  the  Analysis  of  Oils."     M.  Tortelli  and 
R.  Ruggieri. 

I.  The  detection  of  cottonseed  oil,  oil  of  sesame,  and  pea- 
nut oil  in  olive  oil. 
II.  The  quantitative  determination  of  peanut  oil. 

6.  '*  A  Method  for  Determining  the  Absolute  Iodine  Index  of 
Fatty  Substances."     M.  Tortelli  and  R.  Ruggieri. 

7.  »*  The  Oil  and  Wax  (Vegetable  Tallow)  of  the  Stellingia 
Sebifera.''     M.  Tortelli  and  R.  Ruggieri. 

8.  **The  Composition  and  Analysis  of  Vermouth."  A. 
Bianchi. 

9.  **A  Modification  of  Milliavi's  Test  for  the  Presence  of 
Cottonseed  Oil."     G.  Armani. 

10.  **  Boiled  Vegetable  Oils  and  Their  Detection  in  Admix- 
ture with  Other  Oils."     Tortelli  and  Ruggieri. 

11.  "The  Quantitative  Determination  of  Invert  Sugar  and 
Glucose  in  the  Presence  of  Dextrine."     A.  Bianchi. 

12.  **The  Determination  of  the  Point  of  Solidification  of 
Fatty  Acids."     R.  Morischini. 

13.  *' The  Analysis  and  Composition  of  Certain  Qualities  of 
Commercial  Bread."     G.  Fabris  and  D.  Marino. 

14.  ''On  the  Heating  of  Certain  Gums  Used  in  the  Manu- 
facture of  Varnishes."     G.  Armani. 

15.  **The  Characteristics  and  the  Illuminating  Power  of 
Stearine,  Parraffin,  and  Spermaceti  Candles."     R.  Ruggieri. 

16.  **A  Contribution  to  the  Knowledge  of  the  Distinctive 
Characteristics  and  the  Illuminating  Power  of  .  American 
Petroleum  as  Compared  with  the  Russian."     G.  Rossi. 

17.  ''The  Chemical  Analysis  of  Commercial  Inks."  G. 
Malagnini. 

18.  **  A  Study  of  the  So-called  Spices  or  Powdered  Condi- 
ments of  Commerce."     S.  Camilla. 

19.  * 'Artificial  Silks  and  the  Tests  to  Distinguish  Them  from 
Natural  Silks."     A.  Salaro. 
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Most  of  these  papers  are  interesting  and  valuable  but  from 
their  nature  they  are  difficult  to  abstract. 

The  number  of  samples  examined  in  the  laboratory  in  1898 
was  6,158;  in  1897,  5,533.  The  majority  of  these  consisted  of 
beer,  wine,  and  oils,  but  almost  everything  dutiable  is  represented. 

Andrew  A.  Blair. 

(i)  ExPBRiMBNTAi, Chemistry.  By  L.C.  Newewc*.    12  mo.  xvi-i-4iopp. 
114  illustrations.   D.  C.  Heath  &  Co.     Price,  |(i.io. 

(1)  The  Ei^ements  op  Inorganic  Chemistry.     By  W.  A.  Shsnstosz. 
London  :  Edward  Arnold.     i2mo.    xii  +  506  pp.     142  illnstntioos. 

(i)  The  purpose  of  this  book,  as  the  preface  states,  "is  to  pro- 
mote the  more  efficient  teaching  of  chemistry  by  modern 
methods.  The  choice  and  arrangement  of  subject-matter  is 
based  on  the  author's  extended  experience  with  students  of 
varied  ability.  The  book  as  a  whole  is  the  outcome  of  a  desire 
to  provide  a  course  in  chemistry  which  shall  be  a  judicious  com- 
bination of  the  inductive  and  deductive  methods."  Consider- 
able care  has  been  taken  to  eliminate  errors  since  it  appears 
from  the  preface  that  the  entire  MS.  has  been  read  by  three 
other  teachers  of  chemistry  and  the  proof  by  fourteen. 

Laboratory  methods  are  given  prominence — ^there  are  201 
experiments  in  all — and  the  interrogation  point  is  freely  nsed; 
acme  teachers  will  think  too  freely.  Sixteen  pages  are  indnded 
in  the  chapter  on  acids,  bases,  and  salts  and  25  under  atoms, 
molecules,  and  related  subjects.  This  latter  chapter  is  open  to 
serious  criticism.  The  statements  contained  in  it  are  well 
enough,  but  such  topics  as  the  methods  for  determining  atomic 
weights,  ions  and  ionization  and  applications  of  the  theory  of 
electrolytic  dissociation,  are  out  of  place  in  a  first  book  on 
chemistry.  When  teachers  of  chemistry  learn  not  to  g^vt  as  a 
first  course  more  than  is  necessary,  and  to  follow  this  up  by 
supplementary  courses,  we  shall  have  better  results.  Shoo(iri% 
over  the  heads  of  students  is  still  the  most  common  fault  in  text- 
books and  teachers.  The  book  is  an  excellent  piece  oi  wort 
mechanically. 

(2)  Like  the  book  noticed  above  this  is  evidently  intended  as  a 
first  book  in  chemistry.  The  author  says  :  *  *  I  have  endeavored 
to  provide  a  book  which  begins  with  a  course  of  experimental 
work  for  quite  young  students  and  develops   at  the  later  stages 
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into  a  text-book  suitable  for  those  who  are  older ;  that  is,  into  a 
text-book  containing  fewer  facts  than  those  written  solely  for 
senior  students."  Part  I  contains  a  concise  and  well- written 
introduction  treated  under  the  captions:  **  The  Chemistry  of 
Fire;  Gain  of  Weight  and  Combustion;  Lavoisier's  Researches 
on  Combustion;  Is  Matter  Indestructible  ?  Can  We  Create  It  ? 
and  Principle  of  the  Conservation  of  Mass."  These  topics 
are  briefly  treated  and  in  language  easily  comprehended  by  a 
beginner  and  are  illustrated  by  experiments  to  be  performed  by 
the  student. 

Chapters  II  and  III  contain  an  introductory  study  of  water, 
illustrated  by  experiments  which  teach  methods  of  determining 
melting-  and  boiling-points,  the  use  of  the  barometer,  fractional 
and  destructive  distillation,  the  pipette,  specific  gravity  deter- 
minations, etc.  Chapter  IV  tells  how  to  dissolve,  crystallize, 
the  use  of  plotted  curves  to  show  solubility,  the  desiccator,  etc. 
Chapter  V  treats  of  the  electrolytic  decomposition  of  water,  the 
chemical  elements,  compounds  and  mixtures,  synthesis,  analysis, 
substitution,  and  double  decomposition.  Chapter  VI  continues 
the  study  of  water  and  treats  of  water  of  crystallization,  the 
nature  of  solution,  the  action  of  water  with  the  metals,  the  com- 
position of  water  by  weight,  the  law  of  constant  proportions, 
hydrogen  peroxide,  and  the  law  of  multiple  proportions. 

Chapter  VII  is  a  study  of  the  atmosphere,  combustion,  flame, 
plants,  and  animals. 

Part  I  as  outlined  above  covers  94  pages  and  contains  not  a 
single  symbol.  In  Part  II  chemical  nomenclature  is  takeil  up 
and  the  rest  of  the  book  f611ows,  in  great  measure,  the  ordinary 
line  of  treatment.  Here  again  too  much  is  given,  but  in  other 
respects  the  book  is  a  good  piece  of  work  and  worth  the  careful 
study  of  teachers.  E.  H. 

Air,  Water  and  Food  from  a  Sanitary  Standpoint.  By  Ellen 
H.  Richards  and  Alpheus  G.  Woodman.  First  edition.  First 
thousand.  New  York  :  John  Wiley  &  Sons.  1900.  226  pp.  Price, 
$2.00. 

This  is  an  extremely  practical  book  dealing  with  the  common 
problems  of  sanitar}*  science  in  a  simple  yet  thorough  manner, 
and  one  can  not  read  it  through  without  being  convinced  that 
the  authors  know  from  their  own  observations  what  they  are 
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writing  about.  After  a  brief  general  introduction  we  find  33 
pages  devoted  to  the  study  of  the  atmosphere,  its  general  con- 
position,  usual  contaminations,  methods  of  ventilation,  and 
methods  of  air  analysis  from  the  sanitary  standpoint.  Then 
follow,  in  78  pages,  3  chapters  on  water  in  which  many  subjects 
besides  those  of  analysis  are  discussed.  Chapter  V  is  supposed 
to  be  written  from  the  *' Householder's  Standpoint,"  and 
Chapter  VI  from  that  of  the  chemist,  but  both  may  be  read 
with  interest  and  profit  by  persons  who  are  not  chemists  and 
who  have  had  no  training  in  chemistry  beyond  that  given  in 
ordinary  college  courses.  It  is  pleasing  to  see  that  the  authors 
are  not  over- impressed  with  the  importance  of  bacterial  analjsb 
in  the  practical  investigations  of  water.  Chapter  VII  contains 
a  good  collection  of  analytical  methods  and  from  the  well-known 
experience  of  the  authors  in  these  matters  it  will  prove  valuable 
to  those  employed  either  as  teachers  of  sanitary  chemistry  or  as 
practical  analysts. 

The  following  75  pages  of  the  book  deal  with  questions  of 
food  and  partly  from  the  popular  standpoint.  Many  pertinent 
suggestions  are  made  on  the  adulteration  of  common  articles, 
and  in  the  last  chapters  analytical  methods  are  given  by  which 
the  practical  purity  or  value  of  a  number  of  products  may  be 
determined.  The  book  closes  with  a  collection  of  tables,  dii«j- 
tions  for  making  standard  reagents,  and  with  a  bibliography  of 
important  books  and  papers  dealing  especially  with  topics 
discussed  in  the  previous  pages.  J.  H.  Long. 

Essentials  of  Medical  and  Clinical  Chemistry  with  Laboratosy 
Exercises.    By  Samuel   E.  Woody,  A.M.,  M.D.    Fourth  edition. 
Revised   and  enlarged.     Illustrated.     Philadelphia:   P.  Blakistoo't 
Son  &  Co.     1900.    viii-h235  pp. 
In  this  book,  as  in  many  others  of  its  class,  we  find  an  attempt 
to  present  what  the  author  considers  as  the  **  essentials "  of 
medical  chemistry,  so-called,  within  the  limits  of  a  single  small 
volume.    The  space  devoted  to  general  and  inorganic  chemistry, 
with  experiments  and  qualitative  tests,  amounts  to  124  pages; 
organic  chemistry  takes  up  47  pages,  and  clinical  chemistry, 
covering  urine  analysis  and  the  examination  of  milk,  saliva,  and 
gastric  juice,  50  pages  more.     A  very  good  index  completes  the 
book.     The  author  has  condensed  a  good  deal  of  information 
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(not  all  of  it  quite  accurate)  within  the  rather  narrow  limits  of 
tbe  volume  and  it  must  be  admitted  that  if  the  medical  student 
sbould  actually  learn  all  that  is  there  presented  he  would  know 
much  more  than  the  average  student  carries  away  with  him. 
But  it  seems  to  the  present  writer  that  the  best  selection  of 
matter  has  not  always  been  made,  and  that  in  his  effort  to  be 
brief  the  author  has  very  often  sacrificed  accuracy  and  clearness. 
7lius,  we  find  as  the  definition  of  an  alcohol  the  following,  p. 
144:  **An  alcohol  is  generally  regarded  as  the  hydrate  of  a 
hydrocarbon  radical,  since  its  formula  always  has  a  hydrocarbon 
radical  at  its  positive  end,  and  the  radical  HO  at  the  negative 
end." 

It  is  true  that  medical  students  can  not  devote  a  large  portion 
of  their  time  to  the  study  of  chemistry,  but  in  the  time  they  do 
spend  in  elementary  chemistry  their  instruction  should  be  as 
accurate  and  systematic  as  that  given  to  students  in  the  fresh- 
man or  sophomore  years  of  general  colleges.  It  is  a  mistake 
to  suppose  that  there  is  one  kind  of  elementary  chemistry  for  the 
clergyman,  another  for  the  lawyer,  and  a  third  (and  the  briefest 
of  all)  for  the  doctor.  It  is  the  present  writer's  opinion  that 
the  book  before  him  does  not  contain  the  essentials  which  a 
medical  man  should  know.  J.  H.  Long. 

An  OUT1.1NK  OF  THE  Theory  of  Thermodynamics.  By  Edgar  Buck- 
ingham, Associate  Professor  of  Physics  and  Physical  Chemistry  in 
Bryn  Mawr  College,  Bryn  Mawr,  Pa.  xi  +  205  pp.  New  York  :  The 
Macmillan  Company,  1900.     Cloth.    Price,  |i. 90. 

This  book  is  intended  to  bridge  over  the  gap  that  exists 
between  the  ordinary  text-books  on  thermodynamics  and  the 
modem  memoirs  on  the  subject.  As  the  title  indicates,  special 
stress  is  laid  on  the  theory,  applications  being  introduced  solely 
for  the  purpose  of  illustration.  The  subject  is  treated  in  13 
chapters,  the  topics  considered  being :  Thermometry,  Calo- 
rimetry,  Material  Systems  in  Thermodynamics,  First  Law, 
Principles  of  Thermochemistry,  Calorimetric  Properties  of 
Fluids,  Second  Law,  General  Equations,  Conditions  of  Thermo- 
dynamic Equilibrium,  Thermodynamic  Potentials,  and  Free 
Energy.  One  chapter  is  devoted  to  recapitulation  and  two  to 
applications,  while  an  appendix  contains  a  list  of  useful 
books.     The  book  is  also  provided  with  (in  index. 
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In  treating  his  subject,  the  author  begins  with  the  explanation 
of  simple  fundamental  concepts  and  gradually  leads  on  to  the 
more  difficult  relations  involved ;  so  that  the  book  (thougb 
intended  to  bridge  over  a  gap,  as  above  stated)  is  yet  complete 
in  itself.  •  The  presentation  is  clear ;  and  the  student  of  thenoo- 
dynamics  will  find  the  book  a  real  aid  in  mastering  the  subject. 
The  growing  importance  of  thermodynamics  in  chemistry  will 
insure  for  this  volume  a  welcome  on  the  part  of  chemists. 

The  work  of  the  publishers  is  excellent. 

Louis  Kahunbesg. 

Tub  Oil  Chbmists'  Handbook.  By  Brastus  Hopkins,  Chemist  ia 
charge  of  the  U.  S.  Laboratories  at  Boston,  Mass.  New  York:  John 
Wiley  &  Sons.     8vo.     Price,  ^3.00. 

This  book  gives,  in  a  clear  and  concise  form,  the  pnncipal 
methods  of  testing  the  animal  and  vegetable  fats,  waxes,  and 
oils,  the  mineral  oils  being  considered  only  so  far  as  they  occur 
as  adulterants. 

A  peculiar  feature  of  the  work  is  the  tables  of  the  properties 
and  analytical  constants  of  the  oils ;  these   have  been  selected 
with  the  greatest  care  from  the  original  sources,  the  maximum, 
minimum,  and  mean  values  being  given.     Their  arrangement  is 
numerical ;  i.  ^.,  in  the  table  of  the  iodine  value,  the  oil  having 
the  highest  comes  first,  so  with  the  other  constants.    These  are 
especially  valuable  and  convenient,  as  information  is  obtained 
at  a  glance  which  would  take  some  time  to  find  were  it  in  the 
body  of  the  book.     It  is,  however,  not  exclusively  a  compilation 
but  includes  the  results  of  years  of  practical   experience.  It 
seems  to  the  reviewer  that  in  some  cases  the  original  method 
has  been  adhered  to,  to  the  exclusion  of  the  experience  of  others 
in  the  subject.     For  example  the  method  of  Livache  is  given, 
as  detailed  by  him  in  1886,  without  stating  the  experience  of 
Weger  and  Lippert  in   1898  and  1899.     So  too  with  regard  to 
the  Bechi  test,  the  early  procedure  employing  colza  oil  (which 
has  since  been  shown  to  be  unnecessary)  is  described  without 
giving  all  the  precautions  shown  to  be  needful  to  obtain  reliable 
results ;    no  results    of  later  work  are  given.     Regarding  the 
determination  of  viscosity    it  would  seem  that  the  statement 
should  have  been  made  that   for  technical  work  theSayboH, 
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Redwood,   or  Kngler  viscosimeter  should  be  employed,  rather 
than  a  pipette  which  is  no  longer  much  used. 

In  the  matter  of  references  the  volume  leaves  something  to  be 
desired,  many  of  the  later  being  omitted,  especially  in  con- 
nection with  the  iodine  value.  No  mention  could  be  found  of 
the  heat  of  bromination  test  for  oils  although  the  valueless 
sulphur  chloride  test  is  given  ;  nor  of  Halphen's  test  for  cotton- 
seed oil,  one  of  the  most  reliable. 

There  are,  too,  certain  errors  of  proof-reading  and  statement 
which  are  not  in  accord  with  the  usual  ideas ;  for  example  the 
use  of  5.0  instead  of  50.0  grams  of  oil  (p  22)  for  the  Maumen6 
test ;  and  in  the  tables  the  specific  temperature  reaction  of  Gill 
and  Hatch  does  not  refer  to  the  Maumen6  test  but  to  the  heat  of 
bromination  test  as  will  be  seen  from  their  article.*  On  p.  52.  *  *  All 
good  cylinder  oils  are  a  mixture  of  fatty  acids  and  mineral  oils ;" 
the  cylinder  oil  should  not  contain  free  fatty  acids,  as  most  rail- 
road specifications  require  **  acidless  animal  oil.**  *'  Most  blown 
oils  are  a  mixture  of  fatty  acid  and  mineral  oils,**  being  all  that 
is  stated  about  **  blown  oils,**  implies  that  mineral  oil  is  a  normal 
constituent  instead  of  an  occasional  adulterant. 

The  tables,  however,  make  the  book  very  valuable  and  it  will 
doubtless  be  found  very  useful  to  the  trade  and  profession. 

Augustus  H.  Gill. 
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INTRODUCTION. 

WITH  the  introduction  of  the  electric  furnace,  the  new  field 
of  chemistry  at  high  temperatures  was  opened  to  investi- 
gation. Moissan  especially  succeeded  in  reducing  the  most 
refractory  oxides,  and  in  volatilizing  many  of  them,  as  well  as 
certain  metals  which  were  considered  infusible.  He  described*  a 
method  of  preparing  alloys  of  vanadium,  using  the  pentoxide  as 
the  source  of  vanadium. 

Bernoulli'  prepared  alloys  of  tungsten  with  copper,  lead,  bis- 
muth, cobalt,  nickel,  etc.  His  method  of  working  consisted  in 
mixing  the  oxides  of  the  two  metals  with  lampblack,  placing  the 
mixture  in  a  crucible  and  then  heating  it  in  an  ordinary  furnace. 
Proceeding  in  this  manner  he  was  not  able  to  obtain  alloys  con- 
taining more  than  lo  per  cent,  of  tungsten. 

1  Prom  anthor's  thesis  presented  for  the  degree  of  Doctor  of  Philosophy,  University 
of  Pennsylyania,  1900. 

>  "  I«a  Pour  Blectriqne,"  p.  246. 
•Pogg.  Ann.,  Ill,  573. 
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Knowing  the  comparative  ease  with  which  tungsten  and  molyb- 
denum are  reduced  from  their  oxides,  it  was  thought  that  it 
might  be  possible  to  mix  these  oxides  with  oxides  of  other  metals 
and  then  reduce  the  mixture  in  the  electric  furnace,  obtaining  as 
a  final  product  an  alloy  of  the  two  metals. 

In  the  following  experiments  the  furnace  used  was  of  the  type 
known  as  the  ''Moissan.''  The  carbon  for  the  reduction  was 
prepared  by  ignition  of  cane-sugar.  The  crucibles  were  made 
of  graphite,  modeled  in  the  form  of  an  assay  scorifier.  This 
shape  is  preferable,  as  it  allows  the  arc  to  play  directly  on  the 
bottom  of  the  crucible.  In  some  of  the  experiments  the  crucibles 
were  lined  with  magnesia,  thus  preventing  the  hot  metal  from 
absorbing  any  of  the  graphite. 

Unless  otherwise  mentioned  the  graphite  crucibles  were  used. 
After  each  reduction  the  furnace  was  closed  and  allowed  to  cool 
before  removing  the  crucible  containing  the  fusion. 

Ten  preliminary  experiments  were  made  with  tungstic  acid, 
attention  being  paid  more  particularly  to  the  influence  of  the 
carbon «  and  to  the  variation  in  voltage  and  amperage.  The 
results  showed  that  the  amount  of  carbon  used  exerted  a  greater 
influence  in  the  purity  of  the  metal  than  variations  in  the  strength 
of  current,  and  the  duration  of  its  action.  The  product  invaria- 
bly contained  carbon  and  traces  of  unreduced  oxide.  An  efioit 
was  made  to  burn  out  the  carbon  by  heating  the  impure  metal  io 
magnesia-lined  crucibles,  but  the  metal  was  changed  to  trioxide 
and  magnesium  was  volatilized. 

AI^LOYS  OF  TUNGSTEN. 

Tungsten  trioxide  and  bismuthic  oxide  were  mixed  in  varying 
amounts  with  carbon  and  exposed  for  several  minutes  to  the  action 
of  a  current  of  60  to  80  volts,  and  75  to  150  amperes.  The  quan- 
tity of  bismuth  detected  in  the  metallic  product  in  no  case 
exceeded  0.64  per  cent. 

When  cupric  oxide  was  substituted  for  the  bismuthic  oxide, 
and  a  current  of  75  to  150  amperes  and  60  to  80  volts  was  applied 
for  five  minutes  a  regulus  remained  which  showed,  upon  analy- 
sis, 18.24  per  cent,  of  tungsten,  77.73  per  cent,  of  copper,  and 
3.23  per  cent,  of  carbon.  On  using  a  crucible  lined  with  mag- 
nesia the  copper  was  completely  expelled  and  tungsten  trioxide 
remained. 
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The  results  obtained  in  attempting  to  prepare  an  alloy  of  tung- 
sten and  manganese  were  negative.  Two  trials  were  made  with 
cliromium  with  the  following  conditions : 

Experiment  /. — 

2  grams  of  tungsten  trioxide  Voltage,  72-So. 

2      "      *'  chromic  oxide  Amperage,  100-160. 

2      **      **  carbon  Time,  5  minutes. 

The  reduction  was  made  in  a  lime  crucible.  The  resulting 
g^lobule  of  metal  was  very  hard  and  brittle,  its  surface  being 
covered  with  a  layer  of  chromic  oxide.  Its  interior  was  gray  in 
color.  The  specific  gravity  of  the  alloy  equaled  8.96.  It  showed, 
upon  analysis,  2.87  per  cent,  of  chromium  and  97.64  per  cent,  of 
tungsten. 

Experiment  IL — 

2  grams  of  tungsten  trioxide  Voltage,  72-85. 

2      **       **  carbon  Amperage,  100-150. 

1  gram  of  chromic  oxide  Time,  5  minutes. 

A  carbon  crucible  was  used  in  this  experiment,  but  alloys  con- 
taining a  higher  percentage  of  chromium  than  given  in  Exper- 
iment I,  were  not  prepared.  The  next  trial  was  made  upon 
tungsten  trioxide  and  cobaltic  oxide  with  these  conditions  : 

2  grams  of  tungsten  trioxide  Voltage,  70-80. 

2  **       '*  cobaltic  oxide  Amperage,  125-150. 
I  gram  of  carbon  Time,  i  minute. 

The  crucible  was  of  lime  and  the  button,  which,  was  strongly 
magnetic,  very  tough  and  tenacious,  had  the  specific  gravity 
10.96.  Its  analysis  showed  51 .86  per  cent,  of  tungsten,  and  48.26 
per  cent,  of  cobalt. 

Upon  varying  the  conditions  to 

1  gram  of  tungsten  trioxide  Voltage,  65-70, 

3  grams  of  cobaltic  oxide  Amperage,  1 10-130, 

2  grams  of  carbon  Time,  2  minutes, 

and  using,  as  before,  a  lime  crucible  the  resulting  metallic  glob- 
ule was  discovered  to  be  strongly  magnetic,  very  tough,  and  it 
was  broken  with  difficulty.  Its  specific  gravity  was  found  to  be 
8.92.  Its  analysis  revealed  the  presence  of  29.24  per  cent,  of 
tungsten,  and  70.10  per  cent,  of  cobalt. 
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The  experiments  conducted  with  the  oxides  of  tungsten  and 
nickel  gave  very  favorable  results  : 

Experiment  L 

2  grams  of  tnngsten  trioxide  Voltage,  68-8a 

2      **      **  nickel  oxide  Amperage,  100-135. 

2  *'      '*  carbon  Time,  2  minutes. 

The  reduction  was  made  in  a  crucible  lined  with  magnesia, 
and  a  globule  was  obtained  which  was  slightly*magnetic,  could  be 
filed,  and  was  very  tough.  Its  specific  gravity  equaled  10.66. 
Its  analysis  gave  50.22  per  cent,  of  tungsten,  and  49.88  percent 
of  nickel. 

Experiment  II. — 

3  grams  of  tungsten  trioxide  Voltage,  75-90. 

2      **      **  carbon  Amperage,  100-175. 

I  gram  of  nickel  oxide  Time,  i|  minutes. 

The  crucible  was  similar  to  that  used  in  Experiment  I.  The 
resulting  button  was  very  hard  and  non-magnetic»  extremely 
brittle,  and  easily  pulverized.  Its  specific  gravity  equaled  12.66. 
The  analysis  showed  91.19  per  cent,  of  tungsten,  and  8.08  per 
cent,  of  nickel. 

Repeated  attempts  were  made  to  alloy  tin  and  tungsten  after 
the  plan  pursued  with  the  other  metals,  but  without  success.  It 
would,  therefore,  appear  that  starting  with  the  oxides  it  is  pos- 
sible to  prepare  alloys  of  tungsten  with  those  metals  which  require 
a  high  temperature  for  their  volatilization.  In  the  case  of  those 
requiring  a  low  temperature,  the  oxide  is  apparently  reduced  and 
the  metal  driven  off  before  the  tungstic  oxide  is  reduced.  Doubt- 
less alloys  of  tungsten  and  the  lower  fusing  metals  could  be  pre- 
pared by  starting  with  the  metals  and  melting  them  together; 
but  if  this  is  attempted  in  the  electric  furnace  the  intense  heat 
drives  off  the  lower-fusing  metal,  leaving  the  one  with  a  higher 
fusing-point  in  the  furnace. 

ALI^OYS  OF  MOLYBDENUM. 

Three  reductions  of  bismuthic  oxide  and  tungsten  trioxide 
were  made : 

Experiment  I, — 

4  grams  of  molybdenum  trioxide  Voltage,  65-7a 

4      "       "  bismuth  oxide  Amperage,  90-120. 

I  gram  of  carbon  Time,  2  minutes. 
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The  resulting  metal  was  very  hard.  Its  specific  gravity 
equaled  6.81.  It  gave,  upon  analysis,  91.61  percent,  of  molyb- 
denum, 6.50  per  cent,  of  bismuth,  and  2.28  per  cent,  of  carbon. 

Experiment  II. — 

2  ^ams  of  molybdenum  trioxide  Voltage,  60-70. 

8       **      *•  bismuth  oxide  Amperage,  75-110. 

1.5   **      **  carbon  Time,  2  minutes. 

A  g^ranular  mass  was  obtained  after  heating  for  one  and  one- 
half  minutes.  It  was  re-fused  for  one  minute  in  a  crucible  lined 
with  magnesia,  and  was  converted  into  a  very  hard  metallic 
button,  having  a  specific  gravity  of  8.91.  It  showed,  upon  anal- 
ysis, 92  per  cent,  of  molybdenum,  4.81  per  cent,  of  bismuth, 
and  3.90  per  cent,  of  carbon. 

Experiment  III — 

6  grams  of  molybdenum  trioxide  Voltage,  70-80, 

2  **      **  bismuth  oxide  Amperage,  100-150. 

1  gram  of  carbon  Time,  2  minutes. 

A  crucible  with  magnesia  lining  was  used  in  this  experiment. 
The  analysis  showed  97.91  percent,  of  molybdenum,  i.io  per 
cept.  of  bismuth,  and  1.21  percent,  of  carbon.  All  efforts  look- 
ing to  the  formation  of  a  molybdenum-copper  alloy  were  fruit- 
less. 

In  the  case  of  molybdenum  and  manganese  the  results  were 
good  and  entirely  unlike  those  observed  with  tungsten  and  man- 
ganese, as  will  be  noticed  in  the  following  experiments : 

Experiment  /. — 

4  grams  of  molybdenum  trioxide  Voltage,  75-85. 

4      "      "  manganese  dioxide  Amperage,  100-150. 

3  "      *'  carbon  Time,  2  minutes. 

A  button,  having  a  specific  gravity  of  7.08,  was  obtained.  It 
gave,  upon  analysis,  71.07  per  cent,  of  molybdenum,  14.36  per 
cent,  of  manganese,  9.60  per  cent,  of  iron,  and  4.34  per  cent,  of 
carbon.     The  iron  in  this  alloy  came  from  the  manganese  dioxide. 

Experiment  II. — 

2  grams  of  molybdenum  trioxide  Voltage,  70-80. 

6      "      *'  manganese  dioxide  Amperage,  100-130. 

3  "      "  carbon  Time,  2  minutes. 

The  resulting  alloy  had  the  specific  gravity  6.9.     Its  analysis 
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revealed  the  presence  of  60.08  per  cent,  of  molybdenum,  21.11 
per  cent,  of  manganese,  16.64  per  cent,  of  iron,  and  2.99  per 
cent,  of  carbon.  My  experience  with  molybdenum  and  chro- 
mium is  briefly  summarized  in  the  following  experiments: 

Experiment  I. — 

2  grams  of  molybdenum  trioxide  Voltage,  lo<fx 

6      "       **  chromic  oxide  Amperage,  ioo-i5a 

2  **      "  carbon  Time,  3  minutes, 

A  carbon  crucible  was  used  in  the  reduction.  MolybdeotiiD 
trioxide,  unmixed  with  carbon,  was  placed  in  the  bottom  of  ibe 
crucible,  and  upon  this  trioxide  was  introduced  a  mixture  of 
chromic  oxide,  the  balance  of  the  oxide  of  molybdenum  and 
carbon.  The  product  of  the  fusion  was  hard  and  brittle.  Its 
specific  gravity  was  found  to  be  6.53.  Its  analysis  showed  the 
presence  of  12.82  percent,  of  molybdenum,  76.71  percent,  of 
chromium,  7.52  per  cent,  of  iron,  and  2.55  percent,  of  carbon. 

Experiment  II. — 

4  grams  of  molybdenum  trioxide  Voltage,  70-80. 

4    ■  **       **  chromic  oxide  Amperage,  90-130. 

3  **       "  carbon  Time,  3  minutes. 

The  alloy,  steel-gray  in  color,  proved  to  be  hard  and  brittle. 
Its  specific  gravity  was  found  to  be  7.65,  and  upon  analysis  it 
showed  39.96  per  cent,  of  molybdenum,  53.24  per  cent,  of  chro- 
mium, and  6.22  per  cent,  of  iron  with  a  trace  of  carbon.  An 
alloy  of  tin  and  molybdenum  was  not  obtained. 

Several  trials  were  made  with  molybdenum  and  nickel  oji^^ 
but  only  those  will  be  introduced  here  which  gave  definite 
results : 

Experiment  I — 

2  grams  of  molybdenum  trioxide  Voltage,  70-So. 

4  **      **  nickel  oxide  Amperage,  75-125. 
2      **      **  carbon  Time,  2  minutes. 

The  crucible  was  lined  with  magnesia  for  this  fusion.  The 
metal  obtained  was  very  hard  and  brittle,  non-magnetic,  and  had 
a  specific  gravity  of  7.61.  Upon  analysis  it  gave  17.72  percent. 
of  molybdenum,  80.93  per  cent,  of  nickel,  and  1.63  per  cent,  of 
carbon. 
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Experiment  II,  — 

4  grams  of  molybdenum  trioxide  Voltage,  75-So. 

2      *•      **  nickel  oxide  Amperage,  100-150. 

2      **      **  carbon  Time,  i  minute. 

The  alloy  was  soft  and  easily  filed.  It  was  non-magnetic  and 
its  specific  gravity  was  found  to  be  8.00.  Its  analysis  showed 
65. 10  per  cent,  of  molybdenum,  and  34.72  per  cent,  of  nickel. 

Experiment  III — 

4  grams  of  molybdenum  trioxide  Voltage,  73-75. 

2      '*      **  nickel  oxide  Amperage,  140-160. 

2      *'      "  carbon  Time,  i  minute. 

A  graphite  crucible  was  used  in  the  reduction.  The  alloy  was 
hard,  brittle,  and  non-magnetic.  Its  specific  gravity  equaled  8.88. 
Its  analysis  showed  the  presence  of  50.20  per  cent,  of  nickel, 
42.48  per  cent,  of  molybdenum,  3.05  percent,  of  carbon,  and 
4.04  per  cent,  of  silica.  The  silica  probably  came  from  the 
material  used  in  the  manufacture  of  the  graphite  crucible. 

The  reduction  of  mixed  oxides  of  molybdenum  and  cobalt  was 
not  attended  with  the  least  diflSculty ;  indeed,  from  the  appended 
results  it  would  seem  that  these  particular  metals  alloy  in  almost 
any  proportion : 

Experiment  I, — 

2  grams  of  molybdenum  trioxide  Voltage,  68-75. 

4      *»      **  cobaltic  oxide  Amperage,  100-175. 

2  "      **  carbon  Time,  \%,  minutes. 

The  crucible  had  a  magnesia  lining.  The  alloy  was  very  hard, 
tough,  and  magnetic.  Its  specific  gravity  equaled  7.32.  Its 
analysis  gave  17.06  per  cent,  of  molybdenum,  and  82.34  per 
cent,  of  cobalt. 

Experiment  II — 

3  grams  of  molybdenum  trioxide  Voltage,  70-90. 

3      '*      **  cobaltic  oxide  Amperage,  100-160. 

2      **      **  carbon  Time,  i}i  minutes. 

The  crucible  was  lined  with  magnesia.  The  alloy  was  very 
hard,  tough,  and  magnetic.  Its  specific  gravity  equaled  6.44. 
Its  analysis  showed  35.64  per  cent,  of  molybdenum,  62.91  per 
cent,  of  cobalt,  and  1.79  per  cent,  of  carbon. 
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Experiment  III. — 

3  grams  of  molybdenum  trioxide 
3 


<< 


<* 


<( 


If 


cobftltic  oxide 
carbon 


Voltage,  75-*>. 
Amperage,  175-190. 
Time,  i}i  minntes. 


In  this  experiment  I  used  a  graphite  crucible,  and  obtained 
an  allo3''  that  was  hard,  slightly  magnetic,  very  brittle,  and  easily 
pulverized.  The  specific  gravity  was  6.94.  Its  analysis  ga^e 
47.10  per  cent,  of  molybdenum,  and  52.30  per  cent,  of  cobalt. 


Experiment  IV, — 

4  grams  of  molybdenum  trioxide 


2 
2 


(I 


<< 


**  cobaltic  oxide 
•*  carbon 


VolUge,  75-95. 
Amperage,  125-175. 
Time,  i}i  minatea. 


The  crucible  was  lined  with  magnesia.  The  alloy  was  very 
hard,  brittle,  and  feebly  magnetic,  with  a  specific  gravity  of  7.14. 
Its  analysis  gave  54.57  P^^"  cent,  of  molybdenum,  and  45.35  per 
cent,  of  cobalt. 


Experiment  V, — 


4  grams  of  molybdenum  trioxide 
2      **      "  cobaltic  oxide 


<( 


<< 


carbon 


Voltage,  70-100. 
Amperage,  1 10-150. 
Time,  i}i  minutes. 


Here  I  used  a  graphite  crucible,  placing  the  molybdic  oxide 
in  the  bottom.  The  alloy  was  soft  enough  to  be  filed,  but  was 
brittle  and  slightly  magnetic.  The  specific  gravity  was  6.55. 
It  gave,  upon  analysis,  49.47  per  cent,  of  molybdenum,  and 
50.86  per  cent,  of  cobalt. 

While  tungsten  and  molybdenum  ordinarily  show  many  simi- 
larities in  their  reactions,  we  observe  in  the  preceding  experi- 
ments differences  not  wholly  devoid  of  interest.  Thus,  whik 
tungsten  and  bismuth  did  not  yield  an  alloy,  with  molybdenum 
and  bismuth  definite  products  did  result.  The  experiments  with 
tungsten  and  copper  were  positive,  but  with  molybdenum  it 
seemed  impossible  to  alloy  copper.  Both  metals  failed  to  unite 
with  tin,  a»d  while  this  was  true  of  tungsten  with  manganese, 
the  latter  metal  and  molybdenum  combined  with  apparent  readi- 
ness. Cobalt,  chromium,  and  nickel,  of  the  seven  metals  whose 
oxides  were  used  with  the  oxides  of  tungsten  and  molybdenum, 
seemed  to  alloy  with  the  greatest  ease  with  the  tungsten  and 
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molybdenum,  yielding  products  which,  in  the  case  of  cobalt  and 
nickel,  may  prove  to  possess  a  commercial  technical  value,  if  pre- 
pared in  large  amounts. 


A  METHOD  FOR  THE  RAPID  DETERMINATION  OF 

CARBON  IN  STEEL. 

By  kobbrt  Job  am d  Charles  T.  Davirs. 

RacaiTed  September  as.  1900. 

AFTER  a  very  thorough  trial  of  Dr.  Sargent's  apparatus  for 
the  rapid  determination  of  carbon,^  an  investigation  was 
begun  with  the  object  of  retaining  the  continuous  heating 
arrangement,  and  of  reducing  the  apparatus  to  the  simplest  pos- 
sible form  without  impairing  in  any  way  the  accuracy  of  the 
results. 

At  the  outset  it  was  found  that  the  separate,  water-jacketed, 
copper  oxide  tube  could  be  entirely  eliminated  by  simply  increas- 
ing the  length  of  the  combustion  furnace  to  9  inches,  increas- 
ing the  length  of  the  porcelain  combustion  tube  to  20  inches,  and 
inserting  closely  rolled  copper  gauze  about  4  inches  in  length, 
thoroughly  oxidized  prior  to  use,  into  the  combustion  tube, 
exactly  as  in  the  old  method,  placing  pieces  of  clay-pipe  stems 
between  the  copper  oxide  and  the  end  of  the  tube  in  order  to 
prevent  the  former  from  being  forced  out  of  place  when  the  boat 
was  run  up  against  it  in  the  determination. 

Experiments  with  the  furnace  itself  showed  that  three  Bun- 
sen  burners  each  about  2^  inches  apart,  having  spreaders  upon  the 
tops,  furnished  sufficient  heat  to  keep  the  porcelain  tube  at  a 
bright  red  heat  over  8  inches  of  its  length.  A  thin  sheet-iron  shield 
was  placed  just  beneath  the  tube  as  a  protection  from  the  direct 
action  of  the  flame. 

After  the  removal  of  the  separate  copper  oxide  tube,  it  was 
found  that  the  gases,  upon  reaching  the  calcium  chloride  tube 
preceding  the  weighed  bulbs,  had  been  cooled  to  the  tempera- 
ture of  the  room,  so  that  the  condensing  worm  was  no  longer 
necessary,  and  further  test  after  its  removal  proved  that  the 
excess  of  water  remaining  in  the  gas  at  that  point  was  small,  and 
was  readily  removed  by  the  calcium  chloride  without  necessity 
of  frequent  changing.     It  was  further  proved  that  the  absorption 

1  ThU  Journal,  39,  277. 
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of  carbon  dioxide  in  the  butbs 
was  complete  under  these  condi- 
tions, and  that  the  temperatue 
of  the  solution  in  the  latter  was 
not  perceptibly  raised,  even  opoo 
very  rapid  running,— and  also 
that  moisture  did  not  escape 
from  the  weighed  potash  bnite 
and  attached  calcium  chloride 
tube,  even  when  the  air  was  ma 
at  the  rate  of  8  bubbles  per  sec- 
ond, or  faster  than  necessary  to 
complete  the  combostioD  in 
twenty  minutes. 

Attention  was  next  direcledto 
the  sand  tube  for  the  remoiral 
of  chlorine  and  hydrochloric 
acid.  Under  certain  conditions, 
and  especially  in  very  wann 
weather,  it  was  found  Ihattht 
absorption  by  moist  sand  was  in- 
complete, and  thus  that  uniform- 
ly correct  results  could  not  Ik 
depended  upon  with  thisarTMg^ 
ment.  Careful  trial  was  tller^ 
fore  made  of  various  absorbeuB 
both  wet  and  dry,  and  we  finally 
adopted  the  anhydrous  cnpric 
sulphate  and  cuprous  chloride 
U-tube  recommended  by  Blair, 
inserting  beyond  it  a  small  bab- 
ble tube  containing  about  jocc. 
of  a  saturated  solution  of  silrei 
sulphate  in  sulphuric  acid  o/i.*! 
specific  gravity  which  served  ih( 
double  purpose  of  retaining  u; 
J  hydrochloric  acid  which  migbl 
pass  the  U-tube,  and  o(  rwtij- 
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ing  the  excessive  dehydration  produced  by  the  copper  salts. 
The  U-tube,  E,F,  is  of  the  ordinary  6  inch  form,  and  when 
filled  contains  cupric  sulphate  in  the  arm  P,  and  cuprous  chlo- 
ride in  E,  both  salts  being  freshly  and  thoroughly  dehydrated, 
the  copper  sulphate  being  nearly  white,  and  the  cuprous  chlo- 
ride a  dull  brown.  A  small  piece  of  glass  wool  is  placed  at  the 
bottom  of  the  tube  to  separate  the  salts,  and  also  upon  the  top. 
The  materials  should  be  in  granular  form  about  j  inch  in  diam- 
eter, free  from  powder. 

After  once  filling  the  tube  it  may  be  safely  used  without 
change  until  the  copper  sulphate  on  the  top  of  the  arm  P  becomes 
slightly  blue  or  green,  or  until  traces  of  hydrochloric  acid  begin 
to  be  caught  in  the  silver  sulphate  solution.  The  tube  should 
then  be  removed,  placed  upon  the  steam  table,  or  otherwise 
heated,  and  a  slow  suction  applied  until  the  cupric  sulphate  has 
become  nearly  white.  A  second  U-tube  is  kept  on  hand  ready 
for  use  and  is  inserted  while  the  other  is  being  dehydrated. 
Heating  and  aspirating  for  an  hour  will  generally  produce  the 
proper  dehydration,  and  the  tube  is  then  capped  and  hung  up 
ready  for  use.  As  a  general  thing  a  large  number  of  determina- 
tions may  be  made  without  changing  the  tube. 

The  silver  sulphate  bubble  tube,  D,  is  about  4f  inches  in 
height,  and  |^  inch  in  diameter,  holding  about  25  cc.,  if  full. 
When  in  use  the  tube  contains  from  5  to  10  cc.  of  the  silver  sul- 
phate solution,  this  being  blown  in  from  a  small  wash-bottle. 
The  tube  is  refilled  after  a  determination  if  any  precipitate  has 
formed.  This,  however,  seldom  occurs  unless  the  copper  salts 
have  become  partially  hydrated. 

The  calcium  chloride  tube,  C,  next  to  the  silver  sulphate  tube 
retains  the  excess  of  moisture  from  the  latter,  and  the  gas  passes 
into  the  potash  bulbs  in  precisely  the  same  degree  of  dryness  as 
it  emerges  from  the  calcium  chloride  tube  attached  to  the 
weighed  bulbs,  as  shown  by  the  fact  that  in  the  blank  determina- 
tions there  is  almost  invariably  neither  loss  nor  gain  in  the 
weight  of  the  bulbs. 

In  filling  the  calcium  chloride  tubes  care  should  be  taken  that 
the  material  be  freshly  dehydrated,  and  in  granular  pieces  about 
^  inch  in  diameter  and  free  from  dust.  The  tubes  should  be 
filled  as  completely  as  possible,  tapping  lightly  upon  them  and 
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filling  close  to  the  top»  placing  a  very  small  piece  of  cotton  at 
each  end. 

The  potash  bulbs,  B  and  B^  are  practically  the  same  as  those 
recommended  by  Dr.  Sargent,  and  hold,  when  filled  for  use,  aboat 
35  cc.  of  potassium  hydroxide  and  weigh,  including  the  caldna 
chloride,  about  80  grams.  These  bulbs  may  be  safely  used  untfl 
they  have  absorbed  2.5  grams  carbon  dioxide  after  which  thej 
should  be  cleaned  out  and  refilled  with  fresh  potash  solution  of 
1.27  specific  gravity.  The  calcium  chloride  tube,  which  isabout 
2|  inches  in  length,  and  |-  inch  in  diameter,  should  also  be 
refilled  with  dehydrated  material  at  the  same  time.  The  calcium 
chloride  tube,  C,  immediately  before  the  weighed  bulbs,  should 
be  refilled  in  the  same  manner  as  soon  as  the  material  begins  to 
appear  slightly  moist  at  the  end  nearest  the  silver  sulphate  tube. 
This  will  usually  occur  after  about  fifty  determinations.  The  dd 
calcium  chloride  when  removed  can  be  thoroughly  dehydrated 
in  a  few  minutes  by  heating  in  an  iron  or  porcelain  dish. 

In  the  course  of  our  work  more  or  less  difficulty  was  at  first 
experienced  owing  to  the  cracking  of  the  porcelain  tube,  csj«- 
cially  so  when  the  boats  were  not  warmed  before  inserting.  We 
found,  however,  that  this  could  be  completely  remedied  by  put- 
ting into  the  combustion  tube  a  piece  of  platinum  foil  bent  into 
tubular  form,  and  fitting  the  combustion  tube  closely,  being 
careful  to  have  the  edges  somewhat  beveled  so  that  the  boat, 
when  pushed  in  with  the  wire,  would  run  up  smoothly  upon  the 
foil,  the  object  of  the  latter,  being,  of  course,  to  withdraw  the 
heat  absorbed  by  the  boat  from  a  considerable  area  of  the  com- 
bustion tube  instead  of  from  a  few  points.  The  above  was  noted 
by  Dr.  Sargent  in  the  paper  above  referred  to. 

Attention  was  next  turned  to  the  purity  of  the  oxygen  supply, 
in  order  to  avoid  the  necessity  for  the  preheating  furnace. 
Investigation  showed  that  commercial  oxygen  free  from  hydro- 
carbons could  be  readily  obtained.  Therefore,  we  merely  stipu- 
late with  the  order  that  the  material  shall  be  of  this  quality,  and 
upon  arrival  of  the  tank  run  a  blank  determination,  passing  the 
oxygen  for  ten  minutes  and  then  the  air  in  the  usual  manner. 
The  final  weight  of  the  bulbs  after  forty  minutes  in  the  balance 
should  not  vary  more  than  0.2  of  a  milligram  from  the  original 
weight.     In  case,  however,  a  pure  supply  could  not  be  obtained, 
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thus  necessitating  preheating  of  the  gas,  we  found  that  a  separate 
Appliance  could  be  avoided  by  simply  passing  a  copper  tube 
through  the  combustion  furnace,  utilizing  the  heat  of  the  3  bur- 
ners for  the  purpose.  An  apparatus  of  this  nature  was  attached 
readily  to  the  furnace  by  boring  two  quarter-inch  holes  in  each 
end  of  the  furnace  just  above,  and  slightly  to  one  side  of  the 
spreaders  of  the  Bunsen  burners,  running  a  seamless  copper  tube 
of  \  inch  outside  diameter  entirely  through  the  furnace,  out 
through  the  end  and  back  upon  the  opposite  side  parallel  to  the 
first,  having  the  tube  in  such  position  that  the  flame  would  not 
play  directly  upon  it,  but  still  so  close  that  the  heat  would  bring 
it  to  redness.  The  ends  of  this  tube,  after  passing  through  the 
furnace,  were  bent  down  almost  to  the  level  of  the  desk,  and 
then  extended  along  to  the  connection  of  the  oxygen  supply 
beyond  the  three-way  cock,  L.  With  this  length  of  about  18 
inches  from  the  furnace,  the  ends  of  the  copper  remained  cool 
tinder  all  conditions  of  service,  and  could  thus  be  attached  direct 
to  the  rubber  tubes  leading  respectively  to  the  oxygen  and  to 
the  three-way  cock,  without  any  necessity  for  a  water-cooling 
arrangement. 

In  the  regular  determinations  we  heat  up  the  furnace  by 
lighting  the  middle  burner,  turning  up  one-half  for  five  minutes, 
then  turning  up  full,  at  the  same  time  turning  up  the  two  end 
burners  one-half,  and  after  five  minutes  giving  the  full  flame. 
The  tube  will  be  red  hot  within  fifteen  minutes  from  the  start, 
and  ready  for  the  day's  determinations.  If  then  a  boat  is  in  the 
tube  it  is  pulled  out  with  the  wire  hook  quickly  upon  a  porcelain 
tile,  the  weighed  potash  bulbs,  after  removing  the  capillary 
tips,  are  connected  in  position,  and  the  oxygen  started 
through  the  purifying  bulbs,  B',  at  the  rate  of  about  4  bubbles 
per  second.  The  determination  boat  is  then  removed  from  the 
oven,  placed  within  the  end  of  the  tube  and  run  quickly  into 
position  against  the  copper  oxide  with  the  wire,  which  is  removed 
at  once,  and  the  gum  stopper  inserted.  The  oxygen  is  passed 
for  seven  minutes  at  the  above  rate,  then  shut  off,  and  the  three- 
way  cock  turned  and  air  passed  at  the  rate  of  about  6  or  7  bubbles 
per  second  for  twelve  and  one-half  minutes  regulating  the  pressure 
as  necessary  by  means  of  the  clamp  O,  and  passing  about  i  liter 
of  air.     The  stopper  is  then  removed  from  the  end  of  the  tube, 
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the  bulbs  disconnected,  and  another  set  of  previously  weighed 
bulbs  inserted  and  the  second  combustion  proceeded  with.  Three 
weighed  bulbs  are  used  in  running  a  set  of  determinations,  and 
one  of  the  same  size  but  slightly  lighter  than  the  others  is  kept 
upon  the  opposite  pan  of  the  balances  as  a  counterpoise.  The 
weights  are  taken  after  letting  the  bulbs  stand  for  forty  minntes 
in  the  balances.  The  furnace  remains  hot  throughout  the  day's 
work  without  attention. 

As  to  accuracy  of  results  with  this  apparatus,  we  have  checked 
repeatedly  upon  various  standard  steels,  and  have  obtained  uni- 
form and  practically  identical  results  with  those  obtained  by  the 
regular  combustion  method  with  a  platinum  tube. 

In  its  present  form  the  apparatus  can  be  readily  made  by  cut- 
ting down  an  old  furnace ;  no  water  connections  are  required,  the 
number  of  joints  is  reduced  to  a  minimum,  the  cost  of  operatioD 
as  well  as  the  initial  cost  are  greatly  reduced  below  the  cost  of 
the  old  combustion  method,  a  porcelain  tube  is  as  satisfactory 
and  quick  as  a  platinum  tube,  and  the  entire  apparatus  from  end 
to  end  can  be  placed  upon  a  table  5  feet  long. 

In  this  apparatus  we  have  retained  what  seemed  to  be  for  our 
purpose  the  most  desirable  features  of  the  various  appliances  now 
in  use  and  wish  to  make  due  acknowledgment  for  them.^ 

We  have  found  it  very  advantageous  to  rechlorinate  the  double 
chloride  of  copper  and  potassium  solution  after  Dr.  Sargent's 
method.'  As  the  solution  gradually  becomes  neutral  we  find  it 
desirable  after  rechlorinating  to  make  addition  of  hydrochloric 
acid  in  sufficient  amount  to  restore  the  original  acidity,  thus  pre- 
venting the  separation  of  salts,  and  increasing  the  rapidity  of 
solution. 

The  acidity  can  be  determined  very  easily  by  titrating  5  cc.  of 
the  rechlorinated  solution  with  standard  potassium  hydroxide  so- 
lution, taking  as  the  end-reaction  the  point  at  which  the  ferric 
hydroxide  just  formed  fails  to  go  into  solution  after  shaking. 
Titration  is  then  made  of  5  cc.  of  a  solution  of  one  part  hydro- 
chloric acid  and  13  parts  water  (the  normal  acidity  of  the  double 
chloride  solution)  with  a  drop  of  neutral  ferric  salt  as  indicator, 
the  end-point  being  determined  as  above ;  comparison  of  the 

1  The  potash  bulbs  and  silver  sulphate  tube  were  made  to  order  by  Qaeen  &Ca 
s  This  Journal,  aj,  ato. 
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acidity  of  the  two  solutions  with  the  volume  of  the  solution 
rechlorinated  will  show  the  amount  of  hydrochloric  acid  needed. 

Laboratory  of  the  Philadblphxa  and  Rbadino 

Railway  Company,  Reading,  Pa., 

September  13, 1900. 


DETERMINATION  OF  IRON  IN  ilAGNETITE  ORE  BY 
THE  SPECIFIC  GRAVITY  TEST.^ 

By  Joseph  W.  Richards. 

Received  October  za,  tgoo. 

MANY  magnetite  ores  are  simply  mixtures  of  magnetite  and 
quartz.  The  dressing  of  such  ores  at  the  mines  up  to  a 
salable  percentage  of  iron  is  often  an  important  matter,  and  in 
such  cases  the  weight  of  the  ore,  as  determined  by  its  **  feel,"  is 
the  determining  factor  as  to  whether  it  should  pass  into  the  ore 
pile  or  to  the  dump.  Every  new  streak  of  ore  opened  up  brings 
new  material  to  be  thus  classified.  For  such  classification,  the 
specific  gravity  of  the  ore,  carefully  taken  on  a  good  pair  of 
scales,  is  of  quite  sufficient  accuracy  to  answer  all  practical  pur- 
poses. Indeed,  in  many  cases,  considering  the  difl&culty  of 
obtaining  a  small  representative  sample  from  a  mixed  lot  of  ore 
such  as  the  chemist  requires,  the  specific  gravity  test  made  on  a 
considerable  weight  of  sample  pieces  may  be  quite  as  satis- 
factory as  an  analysis.  The  various  ways  in  which  specific 
gravity  may  be  practically  determined  on  an  ordinary  good  scale 
need  not  be  discussed  here ;  apywhere  from  i  to  50  pounds  of 
ore  may  be  tested,  according  to  the  scale  at  hand,  and  the  accu- 
racy desired,  and  results  usually  obtained  accurate  to  o.  10  in  any 
case,  and  often  to  0.02  or  0.03,  in  the  specific  gravity.  Such 
variations  would  mean  a  variation  of  i  to  3  per  cent,  on  the  iron 
content,  according  to  the  richness  of  the  ore.  With  ores  over  45 
per  cent,  of  iron,  the  variation  or  error  need  not  be  over  2  per 
cent,  on  the  iron,  in  any  case. 

To  facilitate  such  tests,  I  have  calculated  the  following  table 
of  the  specific  gravity  of  mixtures  of  magnetite  and  silica,  of 
specific  gravity  of  5.18,  and  2.66  respectively,  for  every  i  per 
cent,  of  iron  contained,  giving  in  each  case  also  the  percentages 
of  magnetite  and  quartz  in  the  mixture,  the  latter  datum  being  of 
particular  importance;  in  valuing  the  ore. 

1  Read  at  the  October  ineetingr  of  the  hchigh  Valley  Section  of  the  American  Chem- 
ical Society. 
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IRREGULAR  DISTRIBUTION  OF  SULPHUR  IN  PIQ  IRON. 

Bt  Randolph  Bollxno. 
Received  October!.  1900. 

SULPHUR  determinations  sometimes  show  marked  differences 
when  samples  are  drilled  from  different  points  on  the  same 
pig.     M.  J.   Moore*  has  noticed  the  low  results  obtained  from 

1  This  Journal,  ai,  972-975. 
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*  •  sbot  samples"  as  compared  with  those  cast  in  sand.  He  states 
tliat  the  results  obtained  from  the  **  shot  samples'*  are  low  as 
compared  with  the  gravimetric  determinations.  Moore  used 
tlie  volumetric  method  on  his  sand  and  shot  samples. 

The  variations  between  sulphur  determinations,  made  on 
drillings  from  the  lower  surface  of  the  pig,  and  those  made  on 
the  upper  surface  have  been  frequently  noticed  here,  and  in  some 
cases  have  been  so  marked  that  a  cast  which  was  drilled  from 
tlie  top  surface  of  the  sample  pig,  on  analysis,  showed  0.075  P^^ 
cent,  sulphur,  and  consequently  graded  as  **  off  basic"  (sulphur 
running  over  0.05  per  cent.)  was  found  to  be  **  basic"  when  the 
drillings  were  taken  by  drilling  a  hole  entirely  through  the  pig; 
tbe  second  determination  showed  0.045  P^r  cent,  sulphur. 

To  study  the  irregular  distribution  of  sulphur  a  rod  12  X  14 
inches  was  cast  in  sand  by  collecting  a  pound  or  so  at  intervals 
from  the  runner  as  a  cast  was  being  made  until  about  10  pounds 
had  been  ladled  out,  and  then  poured  into  the  mold.  This 
was  then  drilled  at  regular  intervals  of  if  inches;  in  all  8  holes 
^vere  drilled.  Sulphur  was  determined  by  the  cadmium  chloride 
method.  The  figure  represents  a  cross-section  of  the  rod  reduced 
to  a  small  scale.  Beginning  at  bottom  of  the  rod  at  the  point 
marked  A,  the  decimal  points  will  indicate  where  the  drill 
entered.  The  percentages  of  sulphur  it  will  be  noticed  are  lower 
at  the  bottom  of  the  mold  than  at  the  top. 


It  will  be  seen  that  the  difference  between  the  upper  and  lower 
surface  amounts  to  0.013  per  cent.,  audit  would  therefore  be 
wrong  to  report  a  determination  made  on  drillings  taken  either 
at  the  top  or  bottom ;  and  to  obtain  a  representative  sample  it 
would  be  necessary  to  drill  a  hole  entirely  through  the  sample 
pig,  and  mix  the  drillings  well  before  making  the  determination. 
By  this  procedure  a  fairly  average  sample  would  be  obtained. 

Labo&atort  Virginia  Iron,  Coal,  and 
CoK£  Co.,  Bubna  Vista,  Va. 
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THE  COnPOSITION  AND  ANALYSIS  OF  LONDON  PURPLE. 

Bt  J.  K.  Hatwooo. 

*  Recdred  October  sa.  1900. 

LONDON  purple  has,  up  to  the  present  time,  been  sup|KJsed 
to  consist  mainly  of  calcium  arsenite  and  an  organic  dje 
residue.  From  the  work  which  will  appear  later  on  in  tiiis 
article,  however,  it  is  shown  that  the  arsenic  in  London  pnrpk 
is  principally  in  the  *'ic  ''  condition,  so  that  it  consists  mainly 
of  calcium  arsenate,  calcium  arsenite,  and  an  organic  dyt 
residue.  On  account  of  the  method  of  manufacture,  as  I  have 
mentioned  in  an  earlier  paper,^  some  of  the  arsenic  will  nearly, 
or  quite,  always  appear  in  the  free  condition.  It  will  thus  be 
seen  that  an  analysis  of  London  purple  would  include  the  deter- 
mination of  moisture,  total  arsenic  acid,  total  arsenious  add, 
soluble  arsenic  acid,  soluble  arsenious  acid,  calcium,  and  sand. 

DETERMINATION  OF  MOISTURE. 

The  moisture  of  London  purple,  was  determined  by  drying  at 
100**  for  from  twelve  to  fifteen  hours.  On  four  samples  (A,  B, 
C,  and  D)  examined  by  me  the  results  were  : 

A.  B.  c.  D. 

'  Percent.       Percent.       Percent   Perceat 

Moisture 1.87  4.07  2.76         2.73 

DETERMINATION  OF  TOTAI,  ARSENIC. 

As  regards  the  determination  of  total  arsenic,  it  will  at  once 
be  seen  that  on  account  of  the  presence  of  the  organic  dye-stuff 
residue,  and  of  the  calcium,  the  same  methods  cannot  be 
applied  as  those  mentioned  in  my  earlier  paper  for  Paris  and 
Scheele  greens. 

I  therefore  tried  to  apply  to  London  purple  the  same  metbod 
for  determining  total  arsenic  as  is  used  for  determining  phos- 
phoric acid  in  phosphates,  namely  : 

I.  About  0.5  gram  of  the  sample  was  oxidized  with  fnmifl? 
nitric    acid,   the   excess  removed  by  evaporation,  molybdate 

1  "Adulteration  and  Analysis  of  the  Arsenical  Insecticides."    Tbis  Jounul.  fl.  jA 
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solution  added  and  the  yellow  precipitate  carefully  washed,  and 
afterwards  dissolved  in  ammonia,  magnesium  mixture  added 
and  the  arsenious  oxide  weighed  as  magnesium  pyroarsenate 
(MgjASjO,).  In  carrying  out  this  method,  however,  I  found 
that  the  fuming  nitric  acid  did  not  oxidize  all  of  the  organic  dye- 
stuff  and  that  consequently  all  of  the  yellow  molybdate  precipi- 
tate did  not  come  down.  As  the  results  obtained  showed  that 
tbe  amount  of  arsenious  oxide  was  about  lo  per  cent,  below 
that  which  I  subsequently  found  to  be  present,  the  method  was 
abandoned. 

2.  I  next  tried  to  determine  the  total  arsenic  by  dissolving  the 
purple  in  hydrochloric  acid,  precipitating  with  hydrogen  sul- 
phide, washing,  dissolving  in  ammonia,  reprecipitating  with 
hydrochloric  acid,  washing  first  with  water,  then,  after  drying, 
vrith  carbon  disulphide,  and  finally  weighing  as  arsenious  sul- 
phide. The  arsenious  sulphide  obtained,  however,  was  per- 
fectly black,  from  contamination  with  organic  matter,  hence 
this  method  was  also  abandoned. 

3.  The  next  method  which  I  tried  was  as  follows: 

About  2  grams  of  the  sample  were  dissolved  in  hydrochloric 
acid  (1:4)  and  heated  to  from  6o''-70**  C.  to  get  all  arsenic  in  solu- 
tion (not  higher  for  fear  of  driving,  off  arsenious  chloride). 
The  solution  was  then  filtered  to  a  definite  volume,  an  aliquot 
portion  taken  for  analysis  and  the  arsenic  precipitated  by 
hydrogen  sulphide  at  70"  C.  The  precipitate  was  separated  by 
filtration,  washed,  and  finally  both  filter  and  precipitate  oxidized 
with  fuming  nitric  acid  in  a  small  flask.  After  all  sulphur  and 
organic  matter  appeared  to  be  oxidized,  the  solution  was  evap- 
orated to  a  small  volume,  filtered,  treated  with  magnesia 
mixture  prepared  according  to  the  Austin  formula,^  and  then 
with  a  little  ammonia.  After  settling  a  few  hours  the  precipitate 
was  washed  with  ammonia  water  (i  cc.  ammonia  to  100  cc.  of 
water)  on  a  Gooch  crucible,  dried,  and  the  Gooch  crucible  placed 
in  a  solid  platinum  crucible  where  it  was  ignited  by  degrees  in 
the  ordinary  way. 

Employing  this  method,  the  following  results  were  obtained 
on  the  four  samples  (A,  B,  C,  and  D)  : 

>  ZUckr.  anorg.  Chem .,  33,  Heft  a. 
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A.  B.  'C.  D. 

Percent.        Percent-       Percent       Perceot 
Arsenious  oxide 35.50  37-48  3M7  35-90 

Another  sample,  X,  gave  results  in  triplicate,  as  follows: 

Per  cent. 

33.53 
33.32 

33.79 

Although  this  method  seemed  to  give  fairly  good  results,  I 
did  not  feel  satisfied  for  two  reasons,  namely  : 

1.  The  magnesium  ammonium  arsenate  was  always  dark- 
colored,  showing  that  the  nitric  acid  had  not  oxidized  all  the 
organic  matter,  and  thatconsequently  when  the  precipitate  wis 
ignited,  there  would  be  a  loss  of  arsenic. 

2.  From  the  length  of  time  necessary  to  precipitate  tk 
arsenious  sulphide  (As,S,),  it  appeared  to  me  that  some  of  it  at 
any  rate  must  be  in  the  **  ic  *'  condition,  and  that  consequently 
a  method  should  be  employed  which  would  differentiate  between 
the  **ous"  and  '^ic*'  arsenic. 

With  these  two  points  in  view  I  worked  out  a  method  modeled 
after  the  Thorn  Smith  method,  mentioned  in  my  earlier  paper, 
but  quite  different  in  all  of  the   small  details.     It  is  as  follows: 

3.  Two  grams  of  London  purple  were  dissolved  in  about  80 
cc.  of  water,  and  20  cc.  of  hydrochloric  acid  at  a  temperature  of 
from  60**  to  70**,  just  as  in  the  method  above  described,  filtered, 
and  washed  to  a  volume  of  300  cc.  One  hundred  cc.  of  this 
was  treated  in  a  500  cc.  flask  with  sodium  bicarbonate  in  excess. 
The  contents  of  the  flask  were  then  brought  to  the  mark  with 
water,  using  a  few  drops  of  ether  to  destroy  bubbles,  and  2500. 
filtered  off.  To  this  was  added  starch  solution,  and  thestandard 
iodine  solution,  until  the  blue  color  appeared.  The  result  was 
the  arsenious  oxide  as  such,  in  50  cc.  of  the  original  solution. 

Again  50  cc.  of  the  original  solution  (representing  0.33333 
gram)  was  heated  to  80**  on  the  water-bath,  and  then  taken  off 
and  50  cc.  of  hydrochloric  acid,  and  three  grams  of  potassium 
iodide  added.  The  mixture  was  allowed  to  stand  for  at  ieast 
fifteen  minutes,  the  **  ic  '*  arsenic  thus  being  reduced  to  "ous" 
arsenic  by  the  action  of  the  potassium  iodide,  in  the  acid  so/ntfofl, 
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iodine  being  set  free.  The  solution  was  then  rinsed  out  in  a 
larg^e  beaker,  and  tenth-normal  sodium  thiosulphate  added, 
drop  by  drop,  to  get  rid  of  the  iodine.  The  end-point  here  wa^ 
rather  difiBcult  to  read  on  account  of  the  very  dark  color  of  the 
solution,  but  with  a  little  practice  one  could  determine  it  very 
easily,  by  proceeding  as  follows  : 

The  sodium  thiosulphate  was  run  in  a  little  at  a  time  and 
occasionally   a  drop  of  the  solution   was  added  to  a  drop  of 
starch  paste.     This  would  of  course  give  a  blue  color  with  the 
starch,  which  became  fainter  and  fainter  as  the  iodine  was  used 
up.     Finally  when  a  drop  of  the  solution  only  gave  the  slightest 
blue  color,   with  the   starch,   a  little  starch  paste  was  added 
directly  to  the  whole  solution,  and  the  blue  color  dissipated  with 
a  few  drops  of  thiosulphate.     With  a  little  practice  one  could  in 
this  way  get  the  exact  end-point  every  time.     The  solution  was 
immediately   made   alkaline  with  solid  sodium  carbonate.     It 
was  again  made  slightly  acid  with  hydrochloric  acid,   taking 
care  that  all  of  the  solid  particles  of  the  sodium  carbonate  on 
the   bottom  were  neutralized  by  the  acid,*  and  finally  made 
alkaline  with  sodium  bicarbonate.     Starch  paste  was  now  added 
and  tenth-normal  iodine  until  the  blue  color  appeared.    This  end- 
point  is  easily  read   if  the  beaker  is  placed  on  a  white  surface 
between  the  eye   and    the    light,  and    iodine     run     in    until 
a   distinct  purple  color  appears.       The   figure   thus  obtained 
gave  the  total  amount  of  arsenic  in  the  solution  as  arsenious 
oxide.     Subtracting   the   first   figure  from  this  we    have    the 
amount  of  arsenious  oxide  corresponding  to  arsenic  oxide  in  50 
cc.  of  the  original  liquid.     Working  in  this  way  I  obtained  the 
following  results  on  the  samples  (A,  B,  C,  and'D). 
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1  If  alio!  the  sodium  carbonate  is  not  used  up,  it  will  itself  act  on  the  standard 
iodine  subsequently  to  be  added. 
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m  «  V  o  « 

9  *-    U  5    O   **  m,     . 

ff  w  ^^  2  *-  •  *.  * 

Sample.                          Percent.  Percent.  Percent.  PerccnL 

B 17.45  39.97  22.67  26.34 

17.16  40.12  22.82  26.50 

....                   40.26  22.96  26.66 

C 1047  38.67  28.20  32.76 

10.47  38.81  28.34  32.93 

D 6.40  37.07  30.67  35.62 

6.40  36.92  30.52  35.45 

37.21  30.81  35.79 

It  will  thus  be  seen  that  this  method  not  only  allows  of  a 
determination  of  the  arsenious  oxide  and  the  arsenic  oxide  bnt 
also  gives  very  good  duplicate  results,  which  results  are  higher 
than  those  obtained  by  the  previous  methods.  One  wonld 
expect  this  on  account  of  the  loss  which  very  likely  takes  place 
in  the  last  method  when  the  magnesium  ammonium  arsenate 
is  burned  in  the  presence  of  some  organic  matter,  which  has 
not  been  removed  by  the  fuming  nitric  acid. 

DBTERMINATION  OP  CALCIUM   OXIDK. 

In  order  to  determine  calcium  oxide  in  London  purple,  a  por- 
tion was  dissolved  in  hydrochloric  acid  (an  aliquot  portion  of 
the  300  cc.  used  in  the  determination  of  arsenious  and  arsenic 
oxides  above  would  do),  and  hydrogen  sulphide  passed  throngh. 
The  precipitate  was  well  washed,  the  filtrate  evaporated  to  small 
bulk  and  transferred  to  a  200  cc.  flask,  when  it  was  treated  with 
ammonia  (to  precipitate  the  iron,  etc.)  and  made  to  the  mark. 
A  100  cc.  portion  of  this  was  filtered  off  and  treated  with 
ammonium  oxalate  in  the  usual  way.  In  this  manner  the  follow- 
ing results  were  obtained  on  the  samples  (A,  B,  C,  and  D). 

Calcium  oxide. 
Samples.  Percent 

A 25.09 

B 23.59 

C 24.55 

D 25.03 

23.25 
On  a  fifth  sample,  X,  triplicate  results  were 


{23.25 
23.25 
23.40 
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1^0  determine  the  soluble  arsenious  oxide,  the  same  methods 

were  used  as  those  described  in  my  previous  paper  for  Paris 

and  Scheele  greens.^    On  a  fifth  sample,  X,  the  results  were  as 

follows : 

Method  I.  Washing  on  the  filter  not  tried. 

Method  2.  Extracting  i  gram  with  500  cc.  of  water  for  a  number  of 

days  at  room  temperature,  and  determining  arsenious  oxide  by  standard 

iodine  in  an  aliquot  portion  of  the  filtrate. 

Arsenious  oxide 
extracted. 
Sample.  Time.  Per  cent. 

X 5  days  7.29 

10  days  7.88 

19  days  7.88 

Method  3.  Extracting  1  gram  with  successive  portions  of  water  at  50°- 

Arsenious  oxide 
extracted. 

Time.  P«^  c««*^ 

I  day 7-78 

2day8 7-7^  +  ^-^5=    9-43 

3  days 9-43 +  0-87==  10.30 

4  days 10-30  +  0.49  =  10.79 

5  days 10.79  +  0.39=  II. 18 

6  days ".18  4-0.29  =  11.47 

7  days 11.47  +  0.19  =  11-^ 

8  days 11.66  +  0.24=  11.90 

9  days Still  gaining. 

It  will  be  seen  from  this  that  the  only  method  which  gave 
constant  results  was  Method  2,  above,  just  as  in  the  case  of 
Paris  and  Scheele  greens.  Applying  this  method  to  Samples 
A,  B,  C,  and  D,  the  following  results  were  obtained  : 

Soluble  arsenioQS 
oxide. 
Sample  No«.  Percent. 

A 2.43 

B 13.3 

13.60 

C 3.88 

D 1.44 

DETERMINATION  OF  SOXrUBI^E  ARSENIC  OXIDE. 

To  determine  the  soluble  arsenic  oxide,  an  aliquot  portion  of 

i  '*  Adulteration  and  Analysisof  the  Arsenical  Inaecticides."  This  Journal,  aj,  568. 
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the  liquid  from  Method  2  al>6ve,  for  soluble  arsenioos  oxide 
(say  200  cc.)>  was  transferred  to  a  flask,  made  slightly  alkaUae 
with  NaOH,  and  evaporated  to  about  25  cc.  on  a  hot  plate. 
The  flask  was  then  removed  and  allowed  to  cool  to  abont  8o^ 
and  an  equal  volume  of  concentrated  hydrochloric  acid  and  3 
grams  of  potassium  iodide  added.  It  was  allowed  to  stand 
fifteen  minutes,  the  iodine  set  free,  exactly  used  up  with  tenth- 
normal thiosulphate  (the  end-point  is  easily  read  without 
the  use  of  starch) ,  and  the  solution  neutralized  with  sodino 
carbonate.  It  was  again  made  slightly  acid  with  hydrochloric 
acid,  taking  care  that  all  lumps  of  sodium  carbonate  were  acted 
on,  then  made  alkaline  with  an  excess  of  sodium  bicar- 
bonate, and  titrated  with  iodine,  using  starch  as  an  indicator. 
From  this  figure  was  subtracted  the  figure  representing  the 
amount  of  soluble  arsenious  oxide,  and  the  remainder  was  cal- 
culated as  arsenic  oxide. 

Proceeding  in  this  way  I  obtained  the  following  results  : 

Soluble  arsenic 
oxide. 
Sample.  Per  cent 

A 15.81 

B 7.12 

C 12.56 

D 19.56 

DETERMINATION  OF   SOI^UBXrE   CAI^CIUM   OXIDE. 

In  Method  2  above  for  soluble  arsenious  oxide  and  arsenic 
oxide,  I  also  determined  the  per  cent,  of  calcium  oxide  that 
had  been  dissolved  by  the  action  of  the  500  cc.  of  water.  The 
results  on  the  samples  (A,  B,  C  and  D)  were  as  follows: 

Calcium  oxide  dis- 
solved by  500  cc. 
Sample.  of  water. 

Per  cent 

A 7.80 

B 6.60 

C 7.00 

D 10.80 

DETERMINATION  OP  OTHER   INORGANIC   MATTERS. 

The  inorganic  matter,  insoluble  in  hydrochloric  acid,  mostly 
consisting  of  sand,  was  determined  by  dissolving  the  London 
purple  in  hydrochloric  acid,  filtering,  washing,  and  burning  the 


COMPOSITION   AND   ANALYSIS   OF    I.ONDON   PURPLE.       807 


filter  and  contents.     The  results  obtained  on  the  samples  (A,  B, 
C  and  D)  were  as  follows : 

Sand. 
Sample.  Per  cent. 

A 3.54 

B 2.61 

C 2.46 

D 3.55 

The  following  is  a  condensed  statement  of  the  work  done  : 

Total  arsenic^  cal- 
culated as  A8,Os. 
» ^ , 

ben  H-S 


Sample. 


A 
B 
C 
D 
X 


Water. 

Per  cent. 

..    1.87 

••  4.07 
..   2.76 

••    2.73 


«  :3  S  U 

(3) 


•OS  -^ 


i-i'O 

-^  o 

(4I 


Sand. 
Per  cent.  Per  cent.  Per  cent 

37-07 


3.54 
2.61 

2.46 
3-55 


35.50 
37-48 

36.47 
35.90 
33.55 


40.12 

38.74 
3707 


M 

9 

*0 

I* 

*^  M 
O 

Per  cent. 

8.16 

17.31 
10.47 

6.40 


e 
a 

«  9 


a 

9 


Per  cent 

33.60 
26.50 
32.84 
35.62 


CO 
o 

3« 
^8 

Per  cent. 

25.09 

23.59 

24.55 

25.03 
23.30 


Soluble  arsenious  oxide. 


Sample. 
A.... 
B  .... 

c.... 

D... 
X... 


u  o 
eg  o 

X  o 
Per  cent. 

2.43 

13.49 
3.88 

1.44 
7.88 


c» «  o 

C8  O  '^ 


.a 
^9 


w  5  >  « 
Per  cent 


ObflTd 
«  C  W 

2  4*'       fc 

a'OJCiJ 

m  o  P  ^ 
Per  cent 

15.81 

7.12 

12.56 

19.56 


a 

3 

••« 

V 

ca 

V 

it 

«"g 

Per  cent 

7.80 

6.60 

7.00 

10.80 


11.90 


FORM   IN   WHICH  VARIOUS   CONSTITUENTS  APPEAR. 

Knowing  the  full  inorganic  composition  of  the  four  samples 
g^ven  above,  we  are  now  in  a  position  to  determine  the  form  in 
which  they  appear  in  London  purple.  The  calculation  is  very 
simple.     If  we  subtract  the  soluble  arsenious  oxide  from  the 

1  Methods  X  (precipitating  with  molybdate)  and  2  (weigrhing  as  arHenious  sulphide) 
were  abandoned  as  unsatisfactory. 
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total  arsenious  oxide  as  such,  the  soluble  arsenic  oxide  from  the 
total  arsenic  oxide  as  such,  and  the  soluble  calcium  oxide  from 
the  total  calcium  oxide,  we  have  left  the  insoluble  arsenioiis 
oxide,  the  insoluble  arsenic  oxide,  and  the  insoluble  calcinm 
oxide.  If  the  form  in  which  these  are  united  is  the  nomd 
calcium  arsenate,  Ca^CAsO^),,  and  the  normal  calcium  arsenite, 
Ca,(AsO,)„  then  the  sum  of  the  amounts  of  calcium  oxide, 
necessary  to  unite  with  all  the  insoluble  arsenious  oxide  to  fom 
calcium  arsenite,  and  all  of  the  insoluble  arsenic  oxide  to  form 
calcium  arsenate,  should  be  equal  to  the  insoluble  calcium  oxide 
as  determined. 

We  will  now  take  up  each  of  the  samples  and  see  if  such  is 
the  case. 

A,  Total  ASjOg  =  8.  i6  Total  AsjOj  =  33.60  Total  CaO  =  25.09 
Soluble  A8,0|  ss  2.43        Soluble  As^Os  s=  15.81        Soluble  CaO  =  7&> 

Insoluble  As^Og  ^  5.73    Insoluble  As^O^  =  17.79    Insoluble  CaO  =  17.29 

As^Os  :  3  CaO  : :  5.73  :  x 
X  s=  4.86  =  CaO  necessary  to  form  Ca8(A803)s 

AsjOj  :  3CaO  :  :  17.79  •  ^ 
X  ^  12.99  =  CaO  necessary  to  form  Ca,(As04)s 
12.99  "^  4'86^  17.85^  CaO  theoretically  necessary  to  form 

Ca,(AsO,),  and  Ca,(As04), 
17.29=  CaO  actually  found. 

B,  ToUl  ASjO,  =  17.31  Totel  AsjOj  =  26.50  ToUl  CaO  =  2359 
Soluble  AsjOj  =  13.49      Soluble  ASjOj  =    7.12       Soluble  CaO  =  6io 

Insoluble  As,0,  =    3.82    Insoluble  As^Os  »  19.38    Insoluble  CaO  =  16.99 

AsjO,  :  3CaO  :  :  3.82  :  x 
X  =  3.28  =  CaO  necessary  to  form  Ca8(As08), 

AsjOj  :  3CaO  :  :  19.38  :  x 
x^  14.15  =  CaO  necessary  to  form  Ca,(As04)t 
14.15  +  3.28  =  17.43  =  CaO  theoretically  necessary  to  form 

Caj(AsOs)j  and  Ca^CAsO*), 
16.99  =  CaO  actually  found. 

C,  ToUl  AsjO,  =  10.47  'Total  AsjOj  =  32.84  ToUl  CaO  =  24^5 
Soluble  As,0,  =   3.88       Soluble  AsjOj  =  12.56       Soluble  CaO  =J^ 

Insoluble  AsjO,  =   6.59    Insoluble  AsjOg  =  20.28    Insoluble  CaO =17-55 
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A8,0,  :  3CaO  :  :  6.59  :  ;i: 
X  =  5.59  =  CaO  necessary  to  form  Caii(AsOj), 

AsjOs :  3CaO  :  120,2$:  x 
X  =i  14.81  =  CaO  neccessary  to  form  Ca^  ( AsO^), 
5*59  +  14-Si  =  20.40  =  CaO  theoretically  necessary  to  form 

Cas(As08),  and  Ca,  (AsOJ, 
17.55  =:  CaO  actually  found. 

jD.     Total  A82O3  =  6.40  Total  AsjOj  =  35.62  Total  CaO  =  25.03 

Soluble  As^Os  ss  1.44       Soluble  «As,05  »&  19.56       Soluble  CaO  ^s  10.80 

Insoluble  As,Os  ^  4.96    Insoluble  As,05  =  16.06    Insoluble  CaO  =  14.23 

AsjOs :  3  CaO  :  :  4.96 :  x 
^  =  4.21  =  CaO  necessary  to  form  Cas  (AsOg),. 

AsjOj :  3  CaO  :  :  16.06 :  x 
X  ^  11.73  =  C&O  necessary  to  form  Cag  (AsO^),. 
4.21 -f  11*73  =  15*94  =  CaO    theoretically  necessary    to    form    Ca, 

(AsOs),  and  Ca,(As04), 
14.23  ss  CaO  actually  found. 

On  another  sample  £  the  results  were  as  follows : 

10.91  =  CaO  theoretically  necessary  to  form  Ca,(AsOs),  and 

Ca,(As04)„ 
10.21  =  CaO  actually  found. 

It  will  be  seen  from  the  above  calculatioDS  that  the  amounts 
of  calcium  oxide,  arsenious  oxide,  and  arsenic  oxide  are  such  in 
Samples  A,  B,  and  £  as  to  closely  approximate  the  formulas 
Ca,(AsO,),  and  Ca,(AsOJ,.  In  Samples  C  and  D  the  amounts 
of  these  three  substances  do  not  so  closely  approximate  the 
formulas  Ca,(  AsO,),  and  Ca,(  AsO^),  but  show  there  is  a  tendency 
to  form  compounds  in  which  the  amount  of  lime  is  less  in  pro- 
portion to  the  arsenious  and  arsenic  oxides  as  in  CaHAsO^  and 
CajAsjOj. 

I  am  inclined  to  believe  from  this  work  that  the  lime, 
arsenious  and  arsenic  oxides  in  London  purple  are  usually  com- 
bined as  the  normal  calcium  arsenite  and  arsenate,  but  that 
sometimes  small  quantities  of  calcium  arsenite  and  arsenate  are 
formed  in  which  the  lime  is  less  in  proportion  to  the  arsenious 
and  arsenic  oxides  as  in  CaHAsO,  and  Ca,As,05.  The  factors 
that  determine  this  are  very  likely  the  time  of  boiling,  the 
original  concentration  of  the  liquor,  the  presence  or  absence  of 
an  excess  of  lime  and  the  form  in  which  the  arsenic  is  present 
in  the  original  dye  residue. 


DETECTION  OF  FOREIGN  COLORINO-MATTER  IN  SPIRITS. 

[second  method.] 

By  C.  a.  Cramptoit  and  P.  D.  Simoivs. 

Received  October  •9,  1900. 

A  method  for  the  detection  of  caramel  in  spirits  and  vinegar, 
based  upon  the  selective  absorption  of  caramel  coloring- 
matter  by  fullers'  earth,  was  published  by  us  in  this  Journal.^ 
Since  that  time  the  method  has  given  very  satisfactory  results 
in  this  laboratory  in  the  examination  of  samples  suspected  d 
being  artificially  colored,  the  chief  difficulty  encountered  in  its 
application  being  the  variable  quality  and  color-absorbing 
power  of  fullers'  earth  as  found  in  the  market.  This  difficulty 
was  partially  overcome  by  obtaining  a  supply  of  the  material, 
of  uniform  color-absorbing  capacity  to  the  degree  best  suited  to 
the  purpose  in  hand,  and  in  quantity  sufficient  for  a  very  gieat 
number  of  tests,  so  that  it  will  not  be  necessary  to  change  the 
standards  for  a  long  time  to  come. 

We  have  lately  perfected,  however,  a  much  more  satisfactory 
and  convenient  test,  which  is  based  simply  and  solely  upon  the 
insolubility  in  ether  of  the  coloring-matter  of  caramel  and 
prune  juice,  the  only  foreign  coloring  materials  known  by  us  to 
be  used  for  the  artificial  coloring  of  spirits.  The  coloring- 
matter  of  oak  wood,  on  the  other  hand  (principally  fiavesdo), 
is  soluble  in  ether,  which  readily  removes  it  from  its  solution  in 
water  or  alcohol  when  shaken  with  it. 

It  was  found  that  one  treatment  with  ether  was  sufficient  to 
completely  remove  all  coloring-matter  soluble  therein,  a  second 
treatment  with  a  fresh  portion  of  ether  giving  no  color  whatever. 
The  test  is  made  by  shaking  the  sample  with  ether,  separating 
the  ethereal  from  the  watery  layer,   and  comparing  the  color  of 
the  latter  with  the  color  of  the  original  spirits  by  means  0/  tht 
tintometer.     It  is  necessary,  however,  to  bring  the  sample  to  a 
standard  alcoholic  strength,  as  the  ether  layer  takes  up  most  of 
the  alcohol,  and  consequently  the  watery  layer  containing  the 
ether-insoluble  coloring- matter  would  be  more  concentrated  in 
the  case  of  a  high  proof  than  a  low  proof  spirits,  giving  variable 
results.    In  order  to  insure  uniformity  in  this  respect  the  sample 

1  This  Journal,  aip  355  (1899). 
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is  evaporated  on  the  water-bath  until  all  the  alcohol  has  been 
driven  off ;  a  known  quantity  of  water-white  absolute  alcohol  is 
tben  added,  which  redissolves  the  coloring-matter  precipitated  by 
tbe  removal  of  the  alcohol,  making  a  bright  solution,  which  is 
then  made  up  to  the  original  volume,  and  its  color 
taken  by  means  of  the  tintometer.     A  definite  por- 
tion of  this  solution  is  then  treated  with  a  definite 
volume  of  ether,  the  watery  layer  separated,  and 
its  color  taken  by  the  tintometer.     A  comparison 
of  the  two   readings  will  show  the  character  of 
the  sample,  genuine  spirits  giving  up  about  40  to 
50  per  cent,  of  its  color,  while  spirits  colored  by 
caramel  alone  are  entirely  unaffected,  the  ethereal 
layer  remaining  water-white. 

For  making  the  ether  extraction  we  have  found 
it  very  convenient  to  use  a  separatory  funnel, 
mrhich  is  a  slight  modification  or  rather  simplifica- 
tion, of  BromweU's  modification  of  Rose's  appara- 
tus for  the  estimation  of  fusel  oil  in  spirits.'  Our 
apparatus  is  shown  in  the  accompanying  figure, 
and  is  simply  an  ordinary  globe-shaped  separatory 
funnel  or  flask  with  its  stem  above  the  stop-cock 
expanded  into  a  bulb  holding  25  cc,  the  gradua- 
tion coming  up  in  the  stem.  The  upper  bulb  should 
have  a  capacity  of  about  100  cc. 

Following  is  the  detailed  method  of  procedure : 
Fifty  cc.  of  the  sample  under  examination  are 
measured  out  at  a  standard  (room)  temperature, 
and  evaporated  on  the  water-bath  n'early  to  dryness ; 
the  residue  is  washed  into  a  50  cc.  glass  stoppered 
flask,  25  cc.  absolute  alcohol  added,  and  the  solu- 
tion, after  cooling  to  the  standard  temperature,  is 
made  up  to  the  mark  with  water.  After  mixing, 
25  cc.  of  the  solution  are  transferred  to  the  separatory  apparatus 
and  treated  with  50  cc.  ether  for  half  an  hour,  being  shaken  at 
intervals;  at  the  end  of  this  period,  the  layers  having  separa- 
ted well,  the  lower  laver  is  made  up  with  water  to  the  original 
volume,  25  cc.     This  is  conveniently  accomplished  by  connecting 

1  Bull.  No.  49,  Chcm.  Div.,  Dept.  of  Ag^riculture,  p.  115. 
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the  lower  end  of  the  apparatus  with  a  rubber  siphoning  tube 
which  carries  water  from  an  elevated  flask,  the  inflow  of  water 
being  regulated  by  the  stop-cock  of  the  apparatus.  The  con- 
tents of  the  flask  are  again  shaken,  and  again  allowed  to  sepa- 
rate (whereby  the  volume  of  the  lower  layer  is  slightly  in- 
creased), and  the  watery  layer  is  drawn  off  through  the  stop- 
cock for  a  reading  of  its  color  in  the  tintometer.  At  the  same 
time  a  reading  is  taken  of  the  25  cc.  of  the  solution  which  was 
not  subjected  to  the  treatment  with  ether;  from  these  two  read- 
ings the  amount  of  color  extracted  by  ether  is  calculated  in  per- 
centages. 

The  accuracy  of  the  test  is  much  promoted  by  adhering  car^ 
fully  to  the  same  conditions  throughout,  especially  with  regard 
to  temperature. 

Applied  to  a  series  of  34  samples  of  spirits  known  to  be 
naturally  colored,  the  test  gave  the  following  results: 

Color  removed. 
Per  cent 

Maximum 51.1 

Minimum 36.4 

Average 41.7 

A  series  of  17  samples  known  to  be  artificially  colored  gave 
the  following  figures  : 

Color  removed. 
Per  cent 

Maximum 23.2 

Minimum 0.0 

Average 14.8 

The  results  do  not  show  quite  so  wide  a  variation  between  the 
two  sets  of  samples  as  the  results  obtained  from  the  same 
samples  by  the  fullers'  eafth  test,  but  the  ether  extraction 
method  is  more  satisfactory  in  a  general  way.  The  results 
obtained  by  the  two  methods  were  confirmatory  in  every  case, 
and  the  former  will  be  valuable  as  a  supplementary  test.  In 
comparing  the  figures  it  must  be  kept  in  mind  that  the  results 
by  the  two  methods  are  in  opposite  directions  ;  that  is,  fullers' 
earth  removes  the  color  from  an  artificial  spirit,  while  ether 
removes  the  color  from  a  natural  spirit. 

Since  the  work  on  this  test  was  completed  our  attention  was 
drawn   to   an   article  by  I^ach,*  wherein   he  recommends  the 

1  This  Journal,  aa,  207  (1900). 
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detection  of  caramel  coloring  in  milk  by  means  of  its  insolubility 
in  ether,  or  rather  its  separation  in  this  way  from  other  coloring- 
matters  (annatto  and  aniline  orange),  its  identification  by  "any 
of  the  usual  tests  "  to  follow. 

We  have  found  the  method  inapplicable  to  vinegars  colored 
with  caramel,  genuine  apple  vinegar  giving  no  color  when 
shaken  with  ether. 

I«ABORATORT  OFFZCB  OF  INTERNAL  RBVBNUB, 

U.  S.  Trbasury  Department,  Washington,  D.  C. 


[Contribution  prom  thb  Department  op  Food  and  Drug  Inspection 
OP  THE  Massachusetts  State  Board  op  Health.] 

A  RAPID  riETHOD   FOR  THE  DETECTION  OF  «« ANILINE 

ORANGE"  IN  MILK. 

By  Hermann  C.  Lytbgob. 
Received  October  31,  1900. 

DURING  the  year  ending  September  30,  1900,  there  have 
been  examined  by  the  Department  of  Food  and  Drug 
Inspection  of  the  Massachusetts  State  Board  of  Health  6137 
samples  of  milk,  of  which  number  45,  or 0.7 per  cent.,  contained 
foreign  coloring-matter.  Of  these  colored  samples,  20  contained 
annatto,  3  contained  caramel  and  22,  or  48  per  cent.,  contained 
**  aniline  orange  **  which  generic  term  is  used  to  describe  those 
azo  colors  used  for  this  purpose.  The  statistics  of  the  previous 
five  years  show  that  0.6  per  cent,  of  the  total  samples  of  milk 
were  artificially  colored,  of  which  10  per  cent,  contained  aniline 
orange.  The  statistics  of  1900  show  a  decided  increase  in  the 
use  of  aniline  orange  as  a  milk  **  improver.'' 

In  view  of  the  facts  that  if  a  sample  is  carefully  colored  with  a 
view  of  not  getting  in  too  much,  that  many  samples  containing 
color  are  above  the  legal  standard  and  that  it  is  very  difficult 
to  tell  at  a  casual  glance  whether  or  not  a  sample  is  colored,  a 
rapid  method  for  the  detection  of  foreign  coloring-matter  in 
milk  would  be  invaluble  to  the  milk  analyst. 

In  testing  a  sample  of  milk  for  formic  aldehyde  by  the  well- 
known  method  of  boiling  with  an  equal  volume  of  strong  hydro- 
chloric acid  containing  ferric  chloride,^  the  writer  found  upon 

*  See  Twenty-ninth  Annual  Report  of  the  Massachusetts  State  Board  of  Health,  1897, 
p.  558. 
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mixing  the  cold  acid  with  the  milk  that  the  resulting  curd  was 
of  an  intense  pink  color.  Upon  further  examination  by  the 
method  of  A.  K.  Leach'  the  sample  was  found  to  contain  aniline 
orange.  As  a  result  of  this,  the  following  method  is  ofiered 
the  detection  of  aniline  orange  in  milk. 

Place  about  15  cc.  of  milk  in  a  porcelain  casserole  and 
about  the  same  quantity  of  hydrochloric  acid  (sp.  gr.  1.20) 
gently  shaking  the  casserole  to  cause  thorough  mixing  and  to 
break  up  the  curd  into  rather  coarse  lumps.  If  the  milk  con- 
tains aniline  orange  the  curd  will  be  colored  pink  while  if  it  be 
free  from  the  color,  the  curd  will  be  white  or  yellowish,  accord- 
ing to  the  natural  color  of  the  milk. 

If  it  is  desired  to  test  the  milk  for  formic  aldehyde,  this  same 
solution  may  be  boiled  after  the  usual  addition  of  a  drop  of 
ferric  chloride  solution  and  if  it  be  present  the  usual  purple  color 
will  appear.  The  presence  of  both  substances  has  no  efiect  upon 
either  test. 

Commercial  hydrochloric  acid  to  which  ferric  chloride  has 
been  added  may  be  used  provided  that  the  solution  is  not  too 
yellow.  It  has  been  the  custom  in  this  department  to  add  5  oc. 
of  a  10  per  cent,  solution  of  ferric  chloride  to  2  liters  of  com- 
mercial hydrochloric  acid,  and  to  use  this  solution  in  testing ior 
aniline  orange  and  formic  aldehyde  in  milk.  Sulphuric  acid 
cannot  be  employed  for  this  purpose. 

This  test  has  been  in  use  in  this  department  during  the  past 
year  and  has  given  satisfactory  results. 

It  is  unfortunate  that  this  test  does  not  detect  annatto  and 
caramel  for  the  analyst  frequently  labors  in  vain  upon  suspidous 
looking  samples,  but  by  applying  this  simple  method,  all  the 
samples  colored  with  aniline  orange  will  be  pointed  out  at  the 
same  time  that  the  analyst  makes  the  test  for  formic  aldehyde, 
without  the  loss  of  time,  reagent,  or  sample. 

1  A.  B.  I^each  :  This  Journal,  ao,  aoy  (1900). 


NOTE- 

fh^eparatian  of  Triphenylchlormetkane, — In  my  paper  on  **The 
Preparation  of  Triphenylchlormethane,*'  in  the  November  num- 
ber, page  752,  this  Journal,  a  misstatement  occurs  which  gives 
an  ambiguous  meaning  to  the  paper.  The  first  paragraph  should 
read  :  **  It  is  generally  stated  •  *  *  triphenylmethane  is  the 
principal  product  of  the  reaction,"  onA  not  triphenylchlormetkane, 
as  it  reads  now. 

I  also  wish  to  take  this  opportunity  to  state  that  Thorp  (**In- 
organic  Chemical  Preparations,"  p.  39)  recommends  the  prepa- 
ration of  aluminum  chloride,  in  small  quantities,  by  the  same 
method  as  given  in  my  papef.  M.  Gombbrg. 
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bearbeiten  im  auftrage  der  firma  Schimmel  &  Co.  in  Leipzig.    Berlin  : 
verlag  von  Julius  Springer.     1899. 

Thk  Voi^tii^e  On^.  By  E.  Gildkmkistbr  and  Fr.  Hoffmann.  Writ- 
ten under  the  auspices  of  the  firm  of  Schimmel  &  Co.,  Leipzig.  Au- 
thorized translation  by  Edward  Krbmers,  Madison,  Wis.  Milwaukee : 
Pharmaceutical  Review  Publishing  Co.     1900. 

Thb  Chemistry  of  Essential  Oils  and  Artificial  Perfumes.  By 
Ernest  J.  Parry,  B.Sc.,  etc.  London  :  Scott,  Greenwood  &  Co.  1899. 
New  York :  D.  Van  Nostrand  Company. 

The  subject  of  the  essential  or  volatile  oils  has  until  very 
recently  been  given  a  distinctly  secondary  place  in  the  chemical 
text- books  in  comparison  with  the  class  of  fixed  oils.  Indeed,  a 
few  lines  about  terpenes  and  camphors  has  been  thought  quite  a 
sufficient  treatment  by  the  writers  of  some  of  the  most  reputable 
text-books  until  quite  lately.  But  this  state  of  things  could  not 
remain  in  view  of  the  brilliant  work  done  in  recent  years  in  this 
branch  by  men  like  Wallach,  Tiemann,  and  von  Baeyer.  As 
Prof.  Emil  Fischer,  of  Berlin,  has  recently  remarked,  it  is  a 
chapter  of  organic  chemistry  that  has  undergone  more  rapid 
development  within  the  past  fifteen  years  than  any  other. 

It  is  fortunate  that,  the  need  having  been  felt,  it  should  have 
been  filled  by  the  firm  of  Schimmel  &  Co.,  of  Leipzig,  who  are 
so  intimately  and  honorably  connected  with  the  industry  of  the 
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essential  oils,  stepping  forward  and  commissioning  scholarly  and 
competent  men  like  Drs.  Gildemeister  and  Hoffmann  to  write  a 
book  covering  this  ground.  The  result  is  the  magnificent  vol- 
ume before  us  in  which,  as  Prof.  Kremers  says,  we  find  a  happy 
blending  of  history  with  chemical  science  and  technology  that  is 
quite  unique  in  modern  chemical  literature. 

With  true  German  thoroughness,  the  work  begins  with  as 
Historical  Introduction,  in  which  we  have  an  account  of  the 
spice  trade  in  antiquity  and  during  the  middle  ages,  illustrated 
by  two  colored  charts,  showing  **the  highways  of  commerce"  in 
ancient  times  and  in  the  middle  ages,  respectively. 

This  introduction  also  contains  a^history  of  volatile  oils,  and 
a  history  of  the  methods  of  distillation  and  of  distilling  appara- 
tus. This  portion  of  the  work  shows  much  antiquarian  knovl- 
edge  and  research  and  is  from  the  pen  of  Dr.  Pr.  Hoffmann,  the 
former  editor  of  the  **  Pharmaceutische  Rundschau,"  of  New 
York,  now  resident  in  Berlin.  It  is  copiously  provided  with 
bibliographic  references  and  is  of  very  great  interest  to  the  his- 
torical student. 

The  General  Part  which  follows,  discusses  first  the  theoretical 
basis  for  obtaining  volatile  oils  by  steam  distillation  and  then 
takes  up  for  enumeration  and  scientific  description  the  more  com- 
monly occurring  constituents  of  volatile  oils.  This  descriptivt 
part  is  very  valuable  to  the  chemist,  as  it  epitomizes  the  latest 
and  most  accurate  results  in  this  group,  and  gives  full  references 
to  the  journal  literature  in  foot-notes.  This  is  followed  by  an 
account  of  the  methods  of  examination  of  volatile  oils,  both 
physical  and  chemical,  and  lastly  we  have  a  list  of  plants 
arranged  according  to  families,  from  which  volatile  oils  are 
obtained. 

The  third  and  longest  division  of  the  book  is  the  Special  Part, 
in  which  we  have  the  history,  origin,  preparation,  properties, 
composition,  examination,  and  commercial  statistics  of  the  vok- 
tile  oils.  The  number  of  individual  oils  so  treated  in  detail  in 
the  original  German  work  is  422,  and  in  Prof.  Kremers'  transla- 
tion 430. 

Besides  the  two  colored  charts  already  referred  to  as  found  in 
the  Historical  Introduction,  we  have  two  colored  maps  of  Cey- 
lon and  of  Calabria  and  Sicily,  respectively,  and  numerous  wood- 
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cuts  illustrating  the  conditions  of  production  of  some  of  the  es- 
sential oils. 

The  German  publication  forms  a  stately  volume  of  919  pages, 
bound  in  half  morocco,  and  will  form  a  most  satisfactory  addi- 
tion to  any  chemical  library. 

A  few  words  specially  with  regard  to  the  American  edition. 
In  Prof.  Kremers,  of  the  University  of  Wisconsin,  the  authors 
found  a  most  competent  translator  and  editor  for  the  English 
issue,  as  it  is  a  field  in  which  he  has  himself  made  valuable  con- 
tributions and  with  which  he  is  entirely  familiar.  By  condens- 
ing several  of  the  sections  in  the  Historical  Introduction  and 
putting  the  bibliographical  notes  together  at  the  end  of  the  book 
he  has  been  able  to  bring  all  the  matter  in  the  compass  of  733 
pages,  without  sacrifice  of  any  important  feature. 

The  charts  and  illustrations  are  all  reproduced  and  the  book 
is  well  printed  and  finely  bound. 

The  work  of  Mr.  Parry  on  *  *  The  Chemistry  of  Essential  Oils 
and  Artificial  Perfumes,"  which  also  appeared  in  1899,  while  not 
so  ambitious  a  work  as  that  of  Drs.  Gildemeister  and  Hoffmann 
is,  nevertheless,  a  valuable  work,  written  throughout  in  a  scien- 
tific spirit  and  with  a  careful  consideration  of  available  sources 
of  information.     Without  attempting  anything  in  the  way  of  a 
history  of  the  subject,  it  starts  in  with  the  general  properties  of 
the  essential  oils  briefly  stated,   and  then  gives  an  excellent 
review  of  the  compounds  occurring  in  essential  oils,  stating  the 
most  approved  views  with  the  aid  of  structural  formulas.     The 
sections  on  the  preparation  and  analysis  of  the  essential  oils  are 
relatively  brief  and  deal  with  the  subject  only  in  a  general  way. 
The  systematic  study  of  the  oils,  which  takes  up  the  body  of  the 
book,  deals  with  them  according  to  the  botanical  relationship  of 
the  plants  yielding  them,  that  is,  according  to  natural  orders. 
This  part  seems  to  have  been  well  done  and  the  journal  litera- 
ture is  considered  throughout.     A  chapter  on  terpeneless  oils 
follows.     The  chemistry  of  artificial  perfumes,  to  which  41  pages 
are  devoted,  is  well  treated,  in  fact  is  the  best  summary  of  our 
knowledge  which,  as  far  as  the  writer  knows,  has  appeared  in  the 
English  language.     It  makes  frequent  reference  to  the  patent 
literature,  giving  numbers  and  dates  of  patents,  giving  an  account 
of  the  ionone  and  violet-oil  patent  litigation,  quoting  Tiemann's 


8l8  NEW    BOOKS. 

and  Fritsche  &  Co.'s  patents  in  full,  explains  the  methods 
the  manufacture  of  vanillin,  heliotropin,  artificial  mask,  hja- 
cinth,  etc.  The  appendix  contains  a  valuable  table  of  the  con- 
stants for  the  more  important  essential  oils.  The  book  can  be 
thoroughly  commended  as  furnishing  a  compact  and  convenient 
reference  book  on  the  subject.  Samuel  P.  Sadtler. 

Chkmisch-tbchnischb  UNTBRSUCHUNGSBfKTHODEN.  Herausgegebcnros 
Dr.  Georg  Lunge.  Dritter  Band,  mit  104  abbildungen.  Vierte  as/- 
lage.  xzii  +  1082  pp.  Berlin :  Verlag  von  Julius  Springer.  1900. 
Price,  M.  23. 

This  volume  contains  Mineral  Oils  and  Kxamination  of  Lubri- 
cants, by  Dr.  D.  Holde  ;  Oils  and  Pats  and  Special  Methods  of 
the  Oil  and  Fat  Industry,  by  Dr.  Rob.  Henriques ;  Examina- 
tion of  Resins,  Balsams  and  Gum  Resins,  and  Drugs  and  Galen- 
ical   Preparations,    by   Dr.    Karl  Dieterich ;    Caoutchonc  and 
Caoutchouc  Wares,  by  Dr.  Rob.  Henriques  ;  Ethereal  Oils,  hj 
Dr.  E.  Gildemeister ;  Raw  Materials,  Products,  and  By-prodacts 
of  Sugar  Manufacture,  by  Dr.  O.  von  Lippmann  and  Dr.  (ko^ 
Pulvermacher  ;  Starch,   by  Dr.  C.  von  Eckenbrecher ;  Spirits, 
by  Dr.  A.  Ebertz  ;  Brandy  and  Liqueurs  and  Vinegar,  by  Dr. 
G.  Schiile  ;  Examination  of  Wine,  by  Dr.  Karl  Windisch ;  Beer, 
by  Prof.  L.   Aubry  ;  Examination  of  Vegetable  Material  Con- 
taining  Tannin,    by   Dr.  C.  Councler;  Leather,  by  Dr.  Job. 
Paessler;  Paper,  by  W.  Herzberg  ;  Ink,  by  O.  Schiuttig aad 
Dr.  G.  S.  Newmann;  Organic  Preparations,  by  Dr.  J.  Messner; 
The  Tartaric  Acid  Industry  and  Citric  Acid  Manufacture,  bj 
Dr.  Hermann  Rasch  ;  and  Organic  Dyes  and  the  Examinatioa 
of  Textile  Fibers  and  Loading  Materials,  by  Dr.  R.  Gnehm, 

This  is  a  wide  range  of  subjects,  which  seem  in  the  main  to  be 
well  covered.  The  authors  confine  themselves  very  closely  to 
methods  of  testing.  Very  little  is  said  about  methods  of  manu- 
facture. This  seems  on  the  whole  something  of  a  defect,  for  while 
it  is  true  that  information  of  this  sort  is  otherwise  attainable,  it 
is  widely  scattered  and  one  of  the  chief  values  of  such  a  compila- 
tion as  this  is  found  in  the  saving  of  the  time  of  the  busy  work- 
ing chemist.  Very  few  chemists  can  expect  to' fully  cover,  even 
in  analytical  knowledge,  so  wide  a  range  as  is  here  presented. 

The  '*  Anhang"  contains  numerous  tables  from  the  body  of 
the  work  printed  on  one  side  of  the  paper  for  pasting  on  the 
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laboratory  wall.  Some  of  these  tables  are  :  Correction  of  the 
Specific  Gravity  of  Petroleum  for  Different  Temperatures; 
Specific  Gravity  of  Aqueous  Glycerine  Solutions ;  Refractive 
Index  of  Aqueous  Glycerine  Solutions  ;  Specific  Gravity  of 
Methyl  Alcohol ;  Specific  Gravity  of  Mixtures  of  Ortho-  and 
Paratoluidin  ;  Determination  of  Monoethyl  and  Diethyl  Anilin  ; 
Solidifying  Points  of  Acetic  Acid  ;  Specific  Gravity  of  Oxalic 
Acid  Solutions. 

The  book  is  a  monument  of  patient  industry  and  is  worth 
more  than  it  costs.  It  is  a  good  piece  of  book  work  mechan- 
ically considered.  E.  H. 
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Bulletin  of  the  United  States  Geological  Survey,  No.  176.  Some 
Principles  and  Methods  of  Rock  Analysis.     114  pp. 

The  Hessian  Fly  in  West  Virginia  and  How  to  Prevent  Losses  from 
its  Ravages.  By  A.  D.  Hopkins,  Ph.D.  Bulletin  67.  W.  Va.  Agri- 
cultural Experiment  Station,  Morgantown,  W.  Va.  August,  1900. 
16  pp. 

Report  on  the  Geology  of  the  Essequibo,  Potaro,  Konawaruk  and 
Demerara  Rivers,  British  Guiana.  Georgetown,  Demerara.  1900. 
82  pp.     4to. 

Quantitative  Chemical  Analysis,  adapted  for  use  in  the  Laboratories 
of  Colleges  and  Schools.  By  Frank  Clowes,  D.Sc.  (Lond.),  and  J. 
Bernard  Coleman,  A.  R.  C.  Sc.  (Dublin).  Fifth  Edition.  Philadel- 
phia :  P.  Blakiston*s  Son  &  Co.     1900.     xxiv  +  592  pp.    Price  $3.50. 

Decision  of  the  U.  S.  Circuit  Court  of  Appeals  on  the  Indoine  Blue 
Case.  27  pp.  Kuttroff,  Pickhardt  &  Co.,  P.  O.  Box  2885,  New  York 
City. 

Chemisch-technische  Untersuchungsmethoden.  Herausgegeben 
von  Dr.  Georg  Lunge.  Dritter  Band,  mit  104  in  den  Text  gedruckten 
Abbildungen.  Vierte  vollstandig  umgearbeitete  und  vermehrte  Auf- 
lage.  Berlin  :  Verlag  von  Julius  Springer.  1900.  xxii  -f- 1082  pp. 
Anhang  iv4-55.     Price,  23  marks. 

Victor  Von  Richter's  Textbook  of  Inorganic  Chemistry,  edited  by 
Prof.  H.  Klinger,  University  of  Konigsberg.  Authorized  Translation 
by  Edgar  F.  Smith,  Professor  of  Chemistry  in  the  University  of  Penn- 
sylvania. Assisted  by  Walter  T.  Taggart,  Instructor  in  Chemistry. 
Fifth  American  from  the  Tenth  Gennan  Edition,  carefully  revised 
and  corrected.  With  68  illustrations  in  wood  and  colored  lithographic 
plate  of  spectra.  Philadelphia:  P.  Blakiston's  Son  &  Co.  1900. 
xii  -f  430  pp.     Price,  $1 .75. 

An  Investigation  into  the  Causes  of  So-called  Uric-acid  Lesions, 
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and  a  Rational  Therapeusis  of  the  Uratic  Diathesis.  By  Alfred  Careoo 
Croftan,  A.M.,  M.D.,  Pasadena,  Cal.  Reprinted  from  the  New  Ywk 
Medical  Journal,  for  September  22,  1900.     22  pp. 

The  Economic  Entomology  of  the  Sugar  Beet.  Bulletin  No.  60. 
Ag^cultural  Experiment  Station,  Urbana,  111.     August,  1900.  136pp. 

Commercial  Organic  Analysis.  A  Treatise  on  the  Properties,  Prox- 
imate Analytical  Examination,  and  Modes  of  Assaying  the  Various 
Organic  Chemicals  and  Products  Employed  in  the  Arts,  Manofactnics, 
Medicines,  etc. .  with  Concise  Methods  for  the  Detection  and  Deten&i- 
nation  of  Their  Impurities,  Adulterations,  and  Products  of  Decompo- 
sition. By  Alfred  H.  Allen,  F.I.C.,  F.C.S.  Third  Edition,  rewrit- 
ten and  enlarged.  Vol.  Ill,  Part  I.  Tannins,  Dyes  and  Coloring- 
matters,  Writing  Inks.  Revised  and  edited  by  J.  Merritt  Mathew. 
Ph.D.  Philadelphia:  P.  Blakiston's  Son  &  Co.  1900.  589  pp. 
Price,  $4-50- 

A  Text-book  of  Important  Minerals  and  Rocks,  with  Tables  for  tbe 
Determination  of  Minerals.  By  S.  E.  Tillman.  New  York :  John 
Wiley  &  Sons.     1900.     ix-f  176  pp.     Price,  $2.00. 

A  Handbook  of  Industrial  Organic  Chemistry  Adapted  for  the  Use 
of  Manufacturers,  Chemists,  and  all  Interested  in  the  Utilization  0/ 
Organic  Materials  in  the  Industrial  Arts.  By  Samuel  P.  Sadtkr. 
Ph.D.,  F.C.S.  Third  Revised  and  Enlarged  Edition.  Philaddpliia: 
J.  B.  Lippincott  &  Co.     1900.     Price,  $5.00. 

Chemical  Technology  or  Chemistry  in  its  Applications  to  Arts  and 
Manufactures.  Edit^  by  Charles  Edward  Groves,  F.R.S.,  and  Wil- 
liam Thorp,  B.Sc,  with  which  is  Incorporated  Richardson  and  Watts' 
Chemical  Technology.  Vol.  III. — Gas  Lighting.  By  Charles  Hnnt 
Illustrated.     Philadelphia:  P.  Blakiston*s  Son  &  Co.      1900.    Price, 

$3.50. 
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orthamino  acids 522 

Bolton,  H.  Carrikoton.    An  experimental  study  of^radio-active  substances  (re- 
view)      596 

Boll  I  NO,  Randolph.    Irregular  distribution  of  sulphur  in  pig  iron 798 

Book  reviews.    See  New  Books. 

Books  received 237.  536, 623,  781,  819 

Boracic  acid,  qualitative  tests  for 618 

Brass,  the  electrolytic  deposition  of 93 

Bread-making  qualities  of  flour  as  related  to  gluten  constituents 263 

Buck,  D.  M.    See  Mabery,  Charles  P. 

Burette  for  accurate  gas  analysis 343 

Butter,  methods  for  the  detection  of  "  process"  or  "  renovated,"  150 ;  examination 
of  Brown  and  Taylor's  official  method  of  identifying,  327;  microscopical  identi- 
fication of  (note) • 703 

O'ADMIUM  and  lead  ferrocyanides,  notes  on 537 

Calcium,  determination  as  sulphate 477 

Calorimeter,  a  new  coal 646 

Campbell,  B.D.    The  thermochemistry  of  iron  and  steel.  205;  on  the  preparation 

of  potassium  xanthate  for  nickel  determinations 307 
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Campbbll,  Gborob  p.    See  Osborne,  Thomas  B. 

Carbon  monoxide,  iodometric  determinations  of  small  quantities  of i| 

Carbon  dioxide  in  carbonates,  a  process  for  the  determination  of ^^ 

Carbonates,  substitutes  for  hydrochloric  acid  in  testing 117 

Carbon  in  ferrochrome,  determination  of 711 

Carbon  in  steel,  remarks  on  some  methods  of  determiniasr,  334 :  method  for  the 

rapid  determination  of 791 

Carbon  in  iron  and  steel,  repeated  use  of  copper  and  potassium  chlorid  in  estina- 

Ung,  210;  rap)dmethod  of  determining,  by  combustion 277 

Carbon  and  hydrogen,  determination  of,  by  combustion  in  oxygen  using  copper 

oxide SQ 

Carborundum,  on  (note) 70^ 

Carpenter, jF.  B.    Estimation  of  pyrrhotite  in  pyrites  ores ^ 

Cell  for  rectifying  alternating  currents,  a  new  electrolytic.  300 ;  chromium  cell  for.  s? 

Chromium  salts,  the  nature  of  the  change  from  violet  to  green  in  solutions  of ni 

Cider  vinegar,  its  solids  and  ash 21I 

Clarke,  F.  W.    Seventh  annual  report  of  the  committee  on  atomic  weights.   Re- 
sults published  in  Z899 7« 

Clymer,  Wm .  R.    See  Mabery,  Charles  F. 

Coal  calorimeter,  a  new i4 

Cobalt  and  nickel,  tartrates  of,  and  the  precipitation  of  sulphides  of,  in  an  alkaline 

tartrate  solution 501 

Cobalticyanides,  a  preliminary  study  of  the 6a 

Cobalticyanide  of  bismuth 2^ 

Coloring -matter  in  milk,  foreign 307 

Coloring-matter  in  fruit  pro<lucts,  582;  in  spirits,  detection  of  foreign,  810;  in  milk.,  hij 

Condensed  milk,  estimation  of  fat  in 5S9.  %; 

Conductivity  method,  three  additions  to  the  Kohlrausch-Ostwald i 

Conductivity  with  direct  current  instruments,  a  method  for  the  determinatum  of 

electrical 304 

Corn  oil,  the  chemistry  of iS 

Copper,  new  volumetric  method  for  the  estimation  of filS 

Copper  and  potassium  chlorid  for  solution  of  steel  or  iron  in  estimating  carbon,  re- 
peated use  of 210 

Crampton.  C.  a.    The  Brown-Taylor-Richards  method  for  the  microscopical  iden- 
tification of  butter  (note)  70J 

Crampton,  C.  A.  and  F.  D.  Simons.    Detection  of  foreign  coloringf-matter  in  spirits  60 
CROS9,  C.  F.,  E.  J.  Bevan  and  J.  S.  Remington.    On  the  digrestion  and  assimilatioo 
of  pentoses  and  furfuroids 6p 


^AINS,  F.  B.    On  the  action  of  certain  acid  reagents  on  the  substituted  ureas....  i&i 
Da  VIES,  Charles  T.    See  Job,  Robert. 

Degras,  sodoil,  and  wool  grease JSI 

Digestibility  of  some  non-nitrogenous  constituents  of  certain  feeding-stuffs 543 

Divine,  R.  E.    A  process  for  the  determination  of  carbon  dioxide  in  carbonates. 

473 ;  a  method  of  determining  free  alkali  in  soaps 693 

DooLiTTLE,  R.  B.,  and  W.  H.  Hess.    Cider  vinegar :  its  solids  and  ash,  218;  see  also 

Hess.  W.  H. 
Duff,  W.  A.    See  Morgan,  J.  Livingston  R. 
Dyes  in  fruit  products,  detection  of  coal  tar 5^ 


IGG  white,  the  protein  constituents  of 422 

Egg  yolk,  the  proteidsof  the ^i 

Electrical  conductivity,  a  method  for  the  determination  of,  with  direct  current  in- 
struments   • 3M 

Electrolytic  dissociation  theory,  lecture  experiments  illustrating 1^ 

Electrolytic  cell  for  rectifying  alternating,  a  new,  300 ;  chromium  cell  for 33^ 

Electromotive  force,  a  new  bridge  arrangement  for  the  determination  of,  by  aid  of 

the  Lippmann  electrometer >» 

Emery,  A.  L-    Soil  humus.    Some  sources  of  error  in  anals'tical  methods 4s 
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Equilibrium  of  chemical  change,  lecture  experiments  illustrating » «  736 

Krrata 116,240.364,  708 

9VA.N8,  Thomas.    A  preliminary  communication  upon  ricinine 39 

Experiments,  lecture,  illustrating  reversible  chemical  reactions 291 


*BRRO US  iron,  relative  values  of  methods  for  determining 635 

Perric  oxide  and  alumina  in  natural  phosphates,  estimation  of 246 

Perrocyanides  of  lead  and  cadmium,  notes  on • 537 

PiacHBR.  Robert.    See  McPherson.  William. 

PzsBBR,  Hbnry.    See  Miller,  Kdmund  H. 

PoOBTTi,  LuciRN.  A  ucw  form  of  receiver  for  fractional  distillation  in  vacuo  (note)  360 

Pormaldehyde  tests,  a  comparison  of  some 132 

Practional  distillation  in  vacuo,  new  form  of  receiver  for 360 

Ps.A,x«KLAND,  Sir  Bdward.    (Obituary  notice) 49 

Praps,  G.  S.    The  digestibility  of  some  non-nitrogenous  constituents  of  certain 

feeding-stufifs 543 

PB.A.PS,  G.  S.,  and  J.  A.  Bizzell.    Methods  of  determining  proteid  nitrogen  in  vege- 
table matter 709 

Pnrf  uroids  and  pentoses,  digestion  and  assimilation  of 630 


-AS  analysis,  burette  for  accurate 343 

Gbislbr,  Joseph  F.    The  estimation  of  fat  in  sweetened  condensed  milk 637 

Gibson,  Harribt  Winpibld.    See  Vult6,  Hermann. 

Giz«x,,  AUGUSTUS  H.,  and  Walter  O.   Adams,     pn   Hiibl's  iodine   method  for  oil 

analysis 13 

Gluten  constituents  of  wheat  and  flour,  and  their  relation  to'  bread-making  qualities    363 
Glycogen,  determination  of,  and  relative  quantities  of,  in  different  parts  of  the  flesh 

ofahorse 85 

Gold,  carbide  of 108 

GoACBERO,  M.    On  the  preparation  of  tripheuylchlormethane,  753  ;  an  instance  of 

trivalent  carbon  :  triphenylraethyl,  757;  preparation  of  triphenylmethane  (note)  815 
GoTTHBLP,  AUGUST  Hbnry.    See  Bogert.  Marston  Taylor. 

Graphite  by  loss,  determination  of  (note) 47 

GuBSS,  H.  A.    The  gluten   constituents  of  wheat  and  flour,  and  their  relation  to 

bread-making  qualities 263 

3BCAI«Iy,  ROBERT  W.    Cause  of  the  loss  of  weight  of  commercial  platinum  when 

heated  under  some  conditions 494 

Hamdy,  James  Otis.    The  volumetric  determination  of  magnesia 31 

Hartwbll.  B.  L.    See  Wheeler,  H.  J. 

Haywood,  J.  K.  The  determination  of  glycogen  and  relative  quantities  of  glycogen 
in  difierent  parts  of  the  flesh  of  a  horse,  85  ;  The  adulteration  and  analysis  of 
the  arsenical  insecticides,  56S,  705 ;  The  cotnposition  and  analysis  of  London 
purple 800 

Hbss,  W.  H.  a  method  for  the  rapid  gravimetric  estimation  of  lime,  477  ;  See  also 
Doolittle,  R.  E. 

Hbss.  W.  H.,  and  R.  E.  Doolittle.  Methods  for  the  detection  of  *'  process"  or  "  reno- 
vated" butter 150 

HiLDBUROH,  W.  L.  A  new  electrolytic  cell  for  rectifying  alternating  currents,  300  ; 
see  Morgan,  J.  Livingston  R. 

HiLGARD,  E.  W.    Free  arsenious  oxide  in  Paris  green 690 

H11.1.,  Edwin  A.  On  a  system  of  indexing  chemical  literature  adopted  by  the  clas- 
sification division  of  the  U.  S.  Patent  office 478 

Hill,  Nathaniel  Peter.    (Obituary  notice) 361 

HiLLEBRAND,  W.  P.,  aud  H.  N.  Stokes.    The  relative  values  of  the  Mitscherlich  and 

hydrofluoric  acid  methods  for  determining  ferrous  iron 635 

Hopkins,  Erastus.    Sod  oil.  wool  grease,  and  degras 3Si 

Horse  flesh,  determination  of  glycogen  in 85 

Hflbl's  iodine  method  for  oil  analysis 13 
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Hinds,  J.  I.  D.    Lime  and  sulphuric  acid  by  the  photometric  method ^ 

HUMMBL,  JOHit  A.    An  examination  of  Brown  and  Taylor's  official  method  of  ideo- 

tifying  butter pi^ 

Humus,  errors  in  analytical  methods  for  determinins^,  285 ;  method  of  determiaisg, 

composition  of ,  nitrification  of il5 

Htdb,  Heicrt  St.  John.    See  Sherman,  H.  C. 

Hydrogen  and  carbon,  determination  of,  by  combustion  in  oxygen,  using  copper  ox. 
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Insecticides,  analysis  of  arsenical *g; 

Interrupter  for  the  Kohlrausch-Ostwald  conductivity  method,  a  new i 

Iodine  method  for  oil  analysis,  Hiibl's a 

Iron,  relative  value  of  methods  for  determining  ferrous (qj 

Iron  and  steel,  the  thermochemistry  of 105 

Iron  in  ore,  determination  of.  by  the  specific  gravity  test ^ 

jf  AYNB,  H.  W.    The  present  condition  of  the  coal-tar  industry  (review) 611 

Job,  Robert,  and  Charles  T.  Davies.    A  method  for  the  rapid  determination  of  cv- 
bon  in  steel j^ 


IBI^I^BR,  EDWARD.    Notes  on  selenium  and  tellurium i^ 

Ketodihydroquinazolins,  direct  synthesis  of  5a 

KiNNicuTT,  I«EONABO  P.,  and  George  R.  Sanford.    The  iodometric  detennisatioa  d 

small  quantities  of  carbon  monoxide ••••    14 

Kohlrausch-Ostwald  conductK'ity  method,  three  additions  to,  x;  a  new  intermpterfor  i 

Xj  ANGMUIR,  A.  C.    The  determination  of  sulphur  in  bitumens,  99;  the  detennina- 

tion  of  nickel  in  nickel  ores m 

Lbach,  Albbrt  B  Foreign  coloring-matter  in  milk,  207  ;  Estimation  of  fat  in  con- 
densed milk 2B9 

I«ead  and  cadmium  ferrocyanides,  notes  on 53? 

I«ecture  experiments.    Reversible  chemical  reactions 9 

I«ecture  experiments,  illustrating  the  electrolytic  dissociation  theory  and  the  tew  of 

the  velocity  and  equilibrium  of  chemical  change 1^ 

I^EPFMANN,  Henry.    The  alleged  adulteration  of  milk  with  brain  matter  (note) ....  3^ 

I«BNHER,  Victor.    Some  new  tellurium  compounds it 

I«BNHBR,  Victor,  and  Hermann  A.  I^oos.    On  the  decomixtsition  of  nickel  carhoojl 

in  solution '. lu 

I«BNHBR,  Victor,  and  J.  I«ivingston  R.  Morgan.    The  specific  gravity  and  electrical 

resistance  of  metallic  tellurium • ^ 

I«BVENE,  P.  A.  Preliminary  communication  on  the  chemistry  of  mucin,  80;  Ontbe 
preparation  of  nucleic  acids,  329 ;  Modem  researches  on  the  chemistry  of  the  pro- 

teid  molecule  (review) ^ 

I^icorice  pastes,  technical  analysis  of ^ 

I«ime,  determination  by  the   photometric  method,  269  ;  method  for  the  rapid  gnvi- 

metric  estimation  of C 

I«ime  requirement  of  soils,  chemical  methods  for  ascertaining  the ^ 

I«inbbarger,  C.  E.  On  the  surface-tensions  of  mixtures  of  sulphuric  add  and  wtter. 
and  the  molecular  mass  of  sulphuric  acid,  5 ;  Regulations  for  the  testing  of  ther- 
mometers   ••  ^ 

Irondon  purple,  composition  and  analysis  of ^ 

I«ONO,  J.  H.  On  the  relation  of  the  reducing  power  of  normal  urine  to  the  tmoaat  of 
certain  nitrogen  compounds  present,  309 ;  On  certain  peculiarities  in  the  wine  of 

vegetarians ' 2P 

IfONGSTAFF,  J.  P.    The  employment  of  ammonium  molybdate  as  a  test  for  tin 0 

I«oos,  Hermann  A.    See  I«enher,  Victor. 

I,ow,  Albert  H.    The  technical  estimation  of  zinc ^ 

I«YTHGOB,  Hermann  C.  A  rapid  method  for  the  detection  of  "aniline  orange  "in 
milk *3 
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lABBRY,  CHARI^ES  P.    On  carborundum  (note) 706 

Mabbrt,  Charles  P.,  and  D.  M.  Buck.    On  the  hydrocarbons  in  heavy  Texas  petro- 
leum     553 

MABBitY,  Cbakles  P.,  and  William  R.  Clymer.    On  the  determination  of  carbon  and 

hydrogen  by  combustion  in  oxygen  using  copper  oxide 313 

Maj^esia,  the  volumetric  determination  of 31 

Mabsbali.,  Hugh.    The  persulphates  of  rubidium,  cesium,  and  thallium  (note) ....      48 
BlATBBivs,  J.  A.    I«aboratory  method  for  the  continuous  and  uniform  generation  of 
acetylene,  and  for  its  purification,  106 ;  Upon  bismuth  cobalticyanide,  274 ;  see 
also  Miller,  B.  H. 

Matiibw8,J.  A.,  and  I«.  W.  Watters.    The  carbide  of  gold 108 

McPbbbson,  WiLUAM  and  Robert  Pischer.     The  action  of  a-acylated  phenylhy- 

drazinea  on  the  chlorine  derivatives  of  quinones 141 

Mbaz>b,  Ricba&d  BL    a  method  for  the  determination  of  zinc  by  the  use  of  standard 

thiosulphate  solution 353 

Mbrzbachbk.,  Aaron,  and  Bdgar  P.  Smith.  The  electrolytic  oxidation  of  toluene. . .    793 
Milk,  foreign  coloring-matter  in,  207  ;  alleged  adulteration  with  brain  matter  (note), 

356  ;  estimation  of  fat  in  condensed,  589,  637  ;  detection  of  aniline  orange  in 813 

MiLLBB,  Bdmund  H.,  and  Henry  Pisher.    Notes  on  lead  and  cadmium  ferrocyanidea    537 

MnLLBB,  K.  H.,  and  J.  A.  Mathews.    A  preliminary  study  of  the  cobalticyanides 6a 

Mn^i^BB,  W.  I«ASH,  and  P.  B.  Kbnrick.    I<ecture  experiments.    Reversible  chemical 

reactions, 291 

Mitch BLL,  P.  H.    See  Rogers,  Allen. 

Molybdenum  and  tungsten,  production  of  alloys  of,  in  the  electric  furnace 783 

Molybdenum,  preparation  of  blue  oxide  of,  and  of  metallic 350 

Molybdenum  trioxide,  separation  from  tungsten  trioxide 77a 

MOBOAM,  J.  I«iviNGSTON  R.  Three  additions  to  the  Kohlrausch-Ostwald  conductivity 
method,  i ;  A  new  interrupter  for  the  Kohlrausch-Ostwald  conductivity  method, 
36  ;  The  electrolytic  deposition  of  brass,  93 ;  A  new  bridge  arrangement  for  the 
determination  of  electromotive  force  by  aid  of  the  Mppmaun  electrometer,  aos ; 
see  also  I^enher,  Victor. 
Morgan,  J.  I«ivingston  R.,  and  W.  A.  Duflf.    A  chromium  cell  for  the  rectification  of 

alternating  currents 331 

MOBOA2<r,  J.  I^iviNGSTON  R.,  and  W.  t,.  Hildburgh.    A  method  for  the  determination 

of  electrical  conductivity  with  direct  current  instruments 304 

MORLEY,  Bdward  W.    Are  further  experiments  needed  to  determine  the  atomic 

weight  of  oxygen?    (Presidential  address) 51 

Mucin,  preliminary  communication  on  the  chemistry  of 80 

Xi^BW  BOOKS:  Determination  of  Radicals  in  Carbon  Compounds  (Meyer-Tingle),  50; 
Analysis  of  White  Paints  (G.  H.  Bllis),  177;  The  Chemistry  of  Soils  and  Pertilizers 
(U.  Snyder),  177;  A  System  of  Instruction  in  Qualitative  Chemical  Analysis  (A. 
H.  Blliott  and  G.  A.  Perguson),  178 ;  Practical  Method  of  Determining  Molecular 
Weights  (Biltz-Jones-King),  179  ;  The  Cost  of  I«iving  as  Modified  by  Sanitary  Sci- 
ence (Bllen  H.  Richards),  180 ;  Descriptive  General  Chemistry  (S.  B.  Tillman), 
23X  ;  I«eitfaden  fiir  den  Unterricht  in  der  anorganischen  Chemie  (J.  Sperber),  222  ; 
I«ezicon  der  Kohlenstoff  Verbiudungen  (M.  M.  Richter),  233;  The  Urine  and 
the  Clinical  Chemistry  of  the  Gastric  Contents,  the  Common  Poisons,  and  Milk  (J. 
W.  Holland),  224 ;  Annuaire  du  Bureau  des  I<ongitudes  pour  TAn  1900,  225  ;  Optical 
Activity  and  Chemical  Composition  (H.  I«andolt),  225;  Chemisch-technische  Unter- 
suchungen.  Band  2  (GeorgI<unge),  226  ;  The  Grammar  of  Science  (Karl  Pierson), 
227  ;  Blementary  Chemistry  for  High  Schools  and  Academies  (A.  t,.  Arey),  227  ; 
The  Theory  of  Blectrolytic  Dissociation  and  Some  of  its  Applications  (H.  C. 
Jones),  228 ;  Victor  von  Rlchter's  Organic  Chemistry  or  Chemistry  of  the  Carbon 
Compounds  (Anschiitz-Smith),  329;  An  Introduction  'to  Physical  Chemistry 
Oanies  Walker),  229 ;  Water  and  Water  Supplies  (John  C.  Thresh),  231 ;  A  Treat- 
ise on  Crystallography  (W.  J.  I«ewis),  233;  Beginschen  der  Scheikunde  (M.  C 
Schuyten),  235;  The  Kinetic  Theory  of  Gases  (O.  B.  Meyer),  235;  laboratory 
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Manual.  Ezperimenta  to  Illustrate  the  Elementary  Principles  of  Cbemistiy  (H. 
W.  Hillyer),  236 ;  Volumetric  Analjrsis  (J.  B.  Coppock),  337 ;  Analyse  BtectrodoB. 
ique  (E.  P.  Smith),  363  ;  Repertoire  g^n^ral  ou  dietionnairemethodiqaedeliiUiQf- 
raphie  des  industries  tinctoriales  et  des  industries  annexes  depois  les  orpines 
jasqu  >a  la  fin  de  Tannic  1896  (Jules  Garcon),  453  ;  The  Calcnlations  of  Antl^ptial 
Chemistry  (Edmund  H.  Miller),  618 ;  Colour  :  A  Handbook  of  the  Theory  of  Col- 
our (Geo.  H.  Hurst),  619;  A  Pocketbook  for  Chemists  (Thomas  Bayley),6ao:  FkU  ^ 
Testing  for  Gold  and  Silver  (W.  Hamilton  Merritt),  621 ;  The  Manufactnreof  Vtr- 
nishes:  Oil  Crushing,  Refining,  and  Boiling  (J.  G.  McInto«h),62i ;  The  Chemistiy 
of  the  MeUls  (J.  H.  Kastle),  707  ;  The  Mineral  Industry  (Richard  P.  Rothvell), 
773  ;  Annali  del  laboratorio  chimico  centrale  delle  Gabelle  <V.  VillaTecchia),  774 ; 
Exi>erimental  Chemistry  (I«.  C.  Newell),  776 :  The  Blements  of  Inorgaaic  Chem- 
istry (W.  A.  Shenstone),  776 ;  Air,  Water,  and  Pood,  from  a  Sanitary  Standpoint 
(Ellen  H.  Richards  and  Alpheus  G.  Woodman),  777 :  Essentials  of  Medical  and 
Clinical  Chemistry  with  I«aboratory  Exercises  (Samuel  E.  Woody),  77S;  Aii(M' 
line  of  the  Theory  of  Thermodynamics  (Edgar  Buckingham},  779 ;  The  Oil  Che»> 
ists'  Handbook  (Erastus  Hopkins),  780;  Die  Aetherischen  Oele  (B.  Gildemeister 
and  Pr.  Hoffmann),  815  ;  The  Volatile  Oils  (B.  Gildemeister  and  Pr.  Hoffmaim- 
Kremers),  8x5;  The  Chemistry  of  Essential  Oils  and  Artificial  Perfumes  (HraeitJ. 

Parry),  815:  Chemiach-technische  Untersuchungsmethoden  (Georg  Lunge) 8tf 

Nickel  determinations,  preparation  of  potassium  xanthate  for 307 

Nickel  in  nickel  ores,  the  determination  of us 

Nickel  carbonyl  in  solution,  the  decomposition  of 114 

Nickel  and  cobalt,  precipitation  of  sulphides  of,  in  an  alkaline  tartrate  solution,  to- 
gether with  an  investigation  into  the  nature  of  certain  tartrates  of  these  metab..  sa 
Nitrogen,  the  distillation  of  ammonia  in  the  determination  of,  259 ;  Methods  of  deter- 
mining proteid,  in  vegetable  matter 79 

N0TB8  :  Retention  of  moisture  by  asbestos,  46 ;  The  determination  of  graphite  by 
loss,  47  ;  The  persulphates  of  rubidium,  cesium,  and  thallium,  48 ;  Test  for  tia, 
220 ;  Petroleum  exhibit  at  Paris,  221 ;  The  alleged  adulteration  of  milk  with  bnio- 
matter,  356 ;  A  new  form  of  receiver  for  fractional  distillation  in  vacuo,  360;  The 
employment  of  ammonium  molybdate  as  a  test  for  tin,  450 ;  Qualitative  tests  for 
boradc  acid,  6x8 ;  The  Brown-Taylor-Richards  method  for  the  microscopical  ideo- 
tification  of  butter,  703  ;  The  analysis  of  arsenical  insecticides,  705 ;  On  carboniD- 

dum,  706;  Preparation  of  triphenylmethane &5 
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MEETINGS  OF  THE  SKCTIONS. 

WASHINGTON    SECTION. 

The  regular  meeting  was  held  October  12,  1899. 

The  first  paper  was  read  by  Mr.  J.  K.  Ha3rwood  and  was  enti- 
tled **  The  Determination  of  Glycogen,"  by  J.  K.  Haywood  and 
W.  D.  Bigelow. 

The  authors  proved  that  methods  for  the  estimation  of  glyco- 
gen, which  depend  on  its  direct  inversion  into  dextrose,  are 
unreliable  and  have  modified  the  method  of  Briicke  so  as  to 
make  it  accurate  and  fairly  rapid. 

The  second  paper  was  read  by  Dr.  F.  K.  Cameron  and  was 
entitled  **  A  Method  for  Estimating  Black  Alkali  in  Soils." 

The  method  enables  the  determination  of  the  degree  of  hydio- 
lization  of  the  sodium  carbonate  in  soils  and  soil  crusts  contain- 
ing this  compound.  It  was  shown  that  an  accurate  determina- 
tion of  the  amount  of  sodium  carbonate  could  not  be  made  by 
titrating  directly  with  a  standard  acid,  two  reactions  taking 
place  with  the  formation  of  the  acid  carbonate  in  varying  quan- 
tities and  furthermore  the  probable  existence  of  acid  carbonate 
in  the  soil  adds  to  the  difficulty  of  such  a  determination.  Itwas 
shown  that  acid  potassium  sulphate  is  free  from  these  objections, 
the  reaction  taking  place  with  quantitative  exactness  according 
to  this  equation  : 

Na,CO.  +  HKSO,  =  NaHCO,  +  NaKSO, 

both  substances  indicated  in  the  right-hand  member  of  the  equa- 
tion being  natural.  It  should  be  borne  in  mind  that  add 
sodium  carbonate  although  a  neutral  substance  towards  indica- 
tors, quite  rapidly  and  readily  inverts  with  the  formation  of  the 
alkaline  normal  carbonate,  so  that  a  reasonable  degree  of  speed 
must  be  used  in  making  the  titrations. 

Details  of  the  practical  application  of  the  method  with  exam- 
ples from  practice,  were  given,  and  it  was  shown  that  in  ordinary 
practice  the  method  was  easily  capable  of  an  accuracy  indicated 
by  a  probable  error  of  less  than  0.0^  per  cent. 

The  last  paper  was  read  by  Dr.  H.  W.  Wiley,  and  was  enti- 
tled **  The  Fifteenth  Annual  Meeting  of  the  Association  of  Offi- 
cial Agricultural  Chemists,  at  San  Francisco,  July  5-7,  1899." 

Mr.  Tassin  exhibited  a  specimen  of  calcium  chloride  which  be 
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had  obtained  from  a  muck  soil  found  in  Utah.     The  salt  occurs 
as  an  incrustation  between  Salt  Lake  City  and  Salt  I^ake. 

Dr.  Bolton  exhibited  a  bibliography  of  thallium  compiled  by 
Miss  Martha  Dunn  and  recently  published  by  the  Smithsonian 
Xnstitute.  He  called  attention  to  the  work  done  in  Paris  by 
Jules  Garcon>  who  has  published  a  bibliography  of  the  *'  Chem- 
ical Technology  of  Textile  Fibers,"  and  a  pamphlet  entitled 
*  *  Resources  of  Bibliography  of  Chemistry.  *  *  The  latter  consists 
of  a  list  of  chemical  bibliographies. 


The  regular  meeting  was  held  on  November  9,  1899. 

The  first  paper  of  the  evening  was  read  by  Dr.  H.  Carrington 
Bolton  and  was  entitled  **  Reminiscences  of  Bunsen  and  the 
Heidelberg  lyaboratory,  1863-65." 

The  speaker  related  anecdotes  of  Bunsen,  and  events  that 
occurred  in  the  Heidelberg  I^aboratory  during  the  third  semes- 
ter which  he  spent  there.  Contemporary  with,  him  were  the  fol- 
lowing Americans  : 

Eli  W.  Blake,  afterwards  professor  of  physics,  Brown  Univer- 
sity, deceased  ;  Owen  W.  Root,  afterwards  professor  of  chem- 
istry, at  Hamilton  College,  N.  Y.,  deceased;  Charles  Wolf,  of 
Cincinnati,  deceased  ;  Frank  Slingluff,  of  Baltimore ;  Harry 
McBumey,  of  Boston;  Lyman  Nichols,  of  Boston;  Arnold  Hague, 
of  the  U.  S.  Geological  Survey. 

The  second  paper  of  the  evening  was  read  by  Dr.  H.  Carring- 
ton Bolton  and  was  entitled  **  Chapters  on  the  History  of  the 
Thermometer  ;  I. — The  Open  Air  Thermoscope  of  Galileo.** 

The  primitive  form  of  the  thermometer  was  invented  about  the 
year  1595  by  Galileo  ;  this  is  proved  by  extant  letters  addressed 
to  him  by  his  pupil  and  friend  Sagredo.  The  instrument  was 
an  open  air  thermoscope  of  the  inverted  type,  and  was  early 
applied  to  meteorological  observations,  to  testing  the  tempera- 
ture of  fever  patients,  and  to  noting  temperature  of  freezing- mix- 
tures. 

The  very  common  statement  that  the  thermometer  was  the  in-  • 
vention  of  C.  Drebbel,  of  Holland,  has  no  basis  of  fact,  as  shown 
by  his  own  publications,  copies  of  which  were  exhibited  by  the 
speaker. 
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The  third  paper  was  read  by  Dr.  F.  W.  Clarke  and  was  enti- 
tled *'  The  Action  of  Ammonium  Chloride  upon  Certain  Sili- 
cates," by  F.  W.  Clarke  and  George  Steiger. 

The  authors  described  a  series  of  experiments  in  which  varioos 
silicates  were  heated  in  a  sealed  tube  to  350^  C.  with  dry  ammo- 
nium chloride.  After  leaching  out  the  contents  of  the  tube  with 
water  it  was  found  that  alkalies  were  removed  as  chlorides  and 
replaced  by  ammonia.  Analcite  and  leucite  are  thus  trans- 
formed into  an  ammonium  leucite : 

NH,Al.Si,0., 

which  is  perfectly  stable  at  300*  and  only  begins  to  decompose 
when  heated  in  the  open  air  to  350^ 

Some  eight  other  silicates  were  given  prelimintuy  study  and 
the  reaction  was  found  to  be  fairly  general.  The  product  from 
•natrolite  contained  8.3  per  cent,  of  ammonia  and  other  zeolites 
took  up  from  4  to  6  per  cent.  The  investigations  are  to  be  con- 
tinued. 

The  fourth  paper  was  read  by  Dr.  F.  K.  Cameron  and  was  enti- 
tied  **  Hydrochloric  Acid  and  Aqueous  Phenol,"  by  F.  K.  Cam- 
eron and  J.  A.  Emory. 

The  authors  determined  the  freezing-point  curve  for  hydro- 
chloric acid  solutions,  saturated  with  respect  to  phenol.  Each 
independently  determined  the  concentrations  of  the  various  sola- 
tions  and  their  freezing-points  for  intercomparison.  The  curve 
was  found  to  be  a  straight  line,  parallel  to  the  curve  for  water 
and  hydrochloric  acid  alone,  from  which  it  would  seem  that  the 
solubility  of  phenol  is  practically  constant  through  the  range  of 
temperature  involved,  and  the  lowering  of  the  freezing-point  of 
the  solvent  is  a  purely  additive  effect  of  the  two  solutes. 

The  fifth  paper  was  read  by  Dr.  F.  K.  Cameron  and  was  enti- 
tled **  The  System  Water,  Hydrochloric  Acid,  and  Phenol,"  by 
F.  K.  Cameron  and  W.  H.  Krug. 

On  lowering  the  temperature  of  the  system,  solid  phenol  sepa- 
rates. But  if  the  initial  mass  of  water  be  relatively  large  its 
concentration  with  respect  to  hydrochloric  acid  is  practically 
unaffected  while  the  solid  phenol  is  separating  and  consequently 
the  temperature  of  the  phenol  remains  very  constant.  The  freez- 
ing-point curve  for  phenol  in  contact  with  aqueous  solutions  of 
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hydrocliloric  acid  of  various  concentrations,  was  determined.  Its 
practical  value  for  a  rapid  determination  of  the  approximate 
streng^tb  of  hydrochloric  acid  solutions  was  indicated. 

William  H.  K&uo,  Secretary. 
CHICAGO  SECTION. 

The  November  meeting  of  the  Chicago  Section  was  held  at 
the  Technical  Club,  November  24,  1899. 

After  the  usual  dinner,  Prof.  Julius  Stieglitz,  of  the  Univer- 
sity of  Chicago,  gave  a  very  interesting  paper  on  the  **  Theory 
of  Ionization  in  Analytical  Chemistry." 

He  showed  the  value  of  the  theory  in  explaining  analytical 
reactions,  thus  adding  to  the  scientific  side  of  purely  analytical 
chemistry.  His  remarks  were  illustrated  with  many  experi- 
ments. 


The  thirty-first  meeting  of  the  Chicago  Section  was  held  at 
the  Technical  Club,  December  13,  1899. 

The  following  program  was  presented  : 

*'  An  Apparatus  for  the  Distillation  of  Ammonia  with  Steam," 
by  Kdward  Gudeman. 

**  Notes  on  the  Determination  of  Arsenic  in  Antimonial  Lead," 
by  Gustav  Thumauer. 

"On  the  Action  of  Acyl  Chlorides  on  the  Disubstituted 
Ureas,"  by  F.  B.  Dains. 

These  oflScers  were  elected  .for  the  year  1900 :  President y  W. 
R.  Smith;  Vice-President,  Geo.  H.  Ellis;  Treasurer,  C.  W. 
Patterson ;  Secretary,  F.  B.  Dains ;  Executive  Committee,  The 
President,  the  Secretary,  Wm.  Hoskins  ;  Member  of  the  Council, 

E.  Gudeman.  -p.B.TyAins,  secretary. 

NORTH  EASTERN  SECTION. 

The  regular  monthly  meeting  of  the  section  was  held  in  Bos- 
ton on  Wednesday  evening,  November  22.  President  A.  D. 
lyittle  called  the  meeting  to  order,  68  members  being  present. 
After  the  secretary's  minutes  were  read  and  approved,  the  elec- 
tion of  three  members  to  represent  the  section  in  the  council  was 
held.  The  members  elected  were  H.  P.  Talbot,  L.  P.  Kinni- 
cutt,  and  T.  W.  Richards. 

Fred.  I^.  Dunlap,  of  Worcester,  presented  a  paper  on  **  Cata- 
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lytic  Action,  with  Special  Reference  to  Its  Application  to  tl>c 
Manufacture  of  Sulphuric  Acid."  The  second  paper  was  by 
Walter  L.  Jennings,  of  Worcester,  on  ' '  The  Constitution  of 
Rosaniline  Dye  StufFs."     At  10.30  the  meeting  adjourned. 


The  December  meeting  of  the  section  was  held  in  Boston  on 
December  16,  President  Little  in  the  chair,  and  52  members  pre- 
sent. After  transacting  the  regular  business  of  the  section, 
Mr.  A.  D.  Little  presented  a  paper  on  "Viscose  (cellulose 
sulphocarbonate)  and  Its  Applications." 

Mr.  Little  gave  a  review  of  the  chemistry  of  cellulose,  ex- 
plained the  method  of  preparation  of  viscose,  and  described  some 
of  its  many  applications,  illustrating  the  paper  by  experiments 
and  samples.  After  a  discussion  of  the  paper  the  section  ad- 
journed. W.  H.  WAUcn,  Secntvj. 
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MINUTES  OF  THE  TWENTIETH   GENERAL  MEET- 
ING  OF  THE  AMERICAN  CHEMICAL  SOCIETY. 

The  meeting  was  called  to  order  atQ.  15  a.m.,  Wednesday, 
December  27,  1899,  in  the  Kent  Chemical  Laboratory,  Yale 
University,  New  Haven,  Conn.,  with  President  Edward  W. 
Morley  in  the  chair.  Professor  S.  W.  Johnson,  of  Yale  Uni- 
versity, was  introduced  and  in  a  brief  address  extended  a  cordial 
welcome  to  the  visiting  chemists.  President  Morley  responded 
in  behalf  of  the  Society. 

The  minutes  of  the  previous  meeting  were  approved  as 
recorded  in  the  secretary's  book. 

Papers  were  then  read  and  discussed  as  follows:  **The 
Action  of  Ammonium  Chloride  upon  Certain  Silicates,"  by  P. 
W.  Clarke  and  George  Steiger;  read  by  Professor  Clarke.  The 
paper  was  discussed  by  Messrs.  Johnson  and  Clarke. 

*  *  The  Specific  Gravity  of  Copperas  Solutions  Containing  Free 
Sulphuric  Acid,**  by  Edward  Hart. 

**The  AUotropic  Forms  of  Selenium,"  by  A.  P.  Saunders. 
Discussed  by  Messrs.  Dennis  and  Saunders. 

**  Synthesis  of  2-3,3-Trimethylcyclopentanone,"  by  W.  A. 
Noyes  ;  read  by  Edgar  F.  Smith. 

**  The  Action  of  Unsymmetrical  Phenyl-hydrazines  on  Chlor- 
quinones,  "  by  Wm.  McPherson  ;  discussed  by  Messrs.  Bogert, 
McPherson,  and  Freer. 

A  motion  to  appoint  a  representative  from  the  American 
Chemical  Society  to  act  together  with  representatives  from  other 
organizations,  in  case  it  should  be  found  desirable,  to  constitute  a 
committee  to  consider  the  claims  of  chemistry  in  courses  of  edu- 
cation was,  upon  motion  of  Professor  Atwater,  referred  to  the 
council  with  power. 
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A  paper  by  L.  P.  Kinnicutt  and  George  R.  Sanford  on  *'The 
lodometric  Determination  of  Small  Quantities  of  Carbon  Mon- 
oxide,'* was  read  by  Dr.  Kinnicutt. 

W.  O.  Atwater  then  presented  a  paper  on  **  The  Conservation 
of  Energy  in  the  Living  Organism,*'  and  in  connection  with  the 
paper  explained  the  respiration  calorimeter  used  in  investigations 
upon  the  subject  at  Wesleyan  University,  Middletown,  Conn. 

After  some  announcements  the  morning  session  was  adjourned. 

WEDNESDAY  AFTERNOON,  DECEMBER  27,  1 899. 

A  visit  was  made  to  Middletown,  under  the  leadership  of 
Professor  W.  O.  Atwater,  for  the  purpose  of  inspecting  the 
laboratories  and  buildings  of  Wesleyan  University,  and 
witnessing  the  method  of  conducting  investigations  with  the 
respiration  calorimeter. 

Before  returning  to  New  Haven,  the  visiting  chemists  enjoyed 
the  hospitality  of  Professor  Atwater  and  his  family  at  his  home 
where  light  refreshments  were  served. 

WEDNESDAY  EVENING,  DECEMBER   27,  1 899. 

The  address  of  the  retiring  president,  Edward  W.  Motley, 
was  delivered  inOsbom  Hall,  at  8  p.m.:  Subject,  **  Are  New 
Processes  Needed  for  the  Determination  of  the  Atomic  Weight 
of  Oxygen  ?  '  * 

After  the  president's  address  the  chemists  enjoyed  a  *  *  smoker" 
at  the  New  Tontine  Hotel  where  Professor  Wm.  H.  Brewer 
entertained  them  with  some  reminiscences  of  old  chemists. 

THURSDAY  MORNING,  DECEMBER  28,  1899. 

The  session  was  called  to  order  in  the  Sheffield  Chemical 
Laboratory,  at  9.15  a.m.  The  reports  of  the  secretary  and 
the  editor  were  read  and  ordered  placed  on  file,  as  was  also  the 
report  of  the  Committee  on  Papers  and  Publications. 

The  reports  of  the  acting  librarian  and  of  the  Finance  Com- 
mittee were  read  and  referred  to  the  Council.  F.  W.  Clarke 
then  presented  the  report  of  the  Standing  Committee  on  Atomic 
"^y eights  and  the  report  of  the  International  Committee  on 
Atomic  Weights.  The  former  was  referred  to  the  Committee 
on  Papers  and  Publications  and,  on  motion  of  Dr.  McMurtric, 
the  report  of  the  International  Committee  on  Atomic .  Weights 


was  adopted,  the  president  was  authorized  to  appoint  the 
necessary  committee,  and  the  other  oflScers  were  empowered  to 
carry  out  the  recommendations  of  the  report. 

The  report  of  the  treasurer  was  read  and  placed  on  iSle. 
A  communication  was  received  from  E.  E.  Ewell,  chairman 
of  the  Committee  on  Standards  for  Instruments  of  Measure,  in 
which  certain  resolutions  were  presented  to  the  Society.  On 
motion  of  Dr.  Talbot  the  communication  and  resolutions  were 
referred  to  the  Committee  on  Standards  for  Instruments  of 
Measure  for  consideration  and  report  to  the  council  of  the 
Society,  which  was  requested  to  take  action  in  the  matter,  and 
the  Committee  on  Standards  for  Instruments  of  Measure  was 
empowered  to  increase  its  number  for  the  purpose  of  considering 
this  subject. 

Dr.  McMurtrie  made  an  announcement  regarding  the  Fourth 
International  Congress  of  Applied  Chemistry  which  is  to  be  held 
in  Paris  during  the  coming  summer. 

The  results  of  the  balloting,  in  the  annual  election  for 
councilors  and  president,  were  announced  by  President  Morley  • 
as  follows :  Councilors  at  large,  elected  to  serve  for  three  years, 
beginning  January  i,  1900,  F.  W.  Clarke,  F.  P.  Venable,  Chas. 
F.  Mabery,  and  S.  P.  Sadtler;  President  of  the  Society  for  the 
year  1900,  Wm.  McMurtrie.  Dr.  McMurtrie,  the  presi- 
dent-elect, was  then  introduced  by  President  Morley  and  made  a 
few  remarks  in  appreciation  of  the  honor  conferred  upon  him. 
The  following  papers  were  presented  :  * '  A  Demonstration  of 
the  Properties  of  the  Isomeric  Form  of  Potassium  Ferricyanide," 
by  James  Locke;  * '  Bacterial  Treatment  of  Sewage  in  England, ' ' 
by  L.  P.  Kinnicutt;  **  Preparation  of  Samples  for  Analysis," 
by  S.  W.  Johnson;  **  What  is  Plant  Food  ?  "  by  H.  W.  Wiley. 
The  report  of  the  Committee  on  Patent  and  Related  Legis- 
lation was  received  and  placed  on  file. 

On  motion  of  H.  W.  Wiley,  the  thanks  of  the  Society  were 
extended  to : 

The  faculty  and  corporation  of  Yale  University,  the  officers  in 
charge  of  the  Connecticut  Agricultural  Experiment  Station,  the 
Local  Committee  of  Arrangements  for  the  Meeting,  Professor 
Wm.  H.  Brewer,  Professor  W.  O.  Atwater,  the  New  Haven 
Colony  Historical  Society,  the  governors  of  the  Graduates'  Club, 


(12) 

the  citizens  of  New  Haven,  and  the  trustees  of  the  Chemists' 
Club  of  New  York,  for  hospitalities  and  courtesies  shown  to  tbe 
visiting  chemists  and  for  their  untiring  and  successful  efforts  to 
make  the  Twentieth  General  Meeting  of  the  American  Chemical 
Society  a  most  enjoyable  and  memorable  occasion. 

The  Society  then  adjourned  to  meet  at  the  New  Tontine  Hotd 
at  7  P.M. 

THURSDAY  AFTERNCX)N,  DECEMBER  28,  1 899. 

The  council  met  in  the  Kent  Chemical  Laboratory  at  2  p.m. 

The  afternoon  was  spent  by  the  other  members  of  the  Sodetj 
in  visiting  the  buildings,  laboratories,  and  collections  of  Yak 
University,  etc. 

THURSDAY  EVENING,  DECEMBER  28,   1899. 

The  members  of  the  Society  enjoyed  a  subscription  dinner  at 
the  New  Tontine  Hotel.  The  retiring  president,  Edward  W. 
Morley,  presided  and  H.  W.  Wiley  acted  as  toast-master. 

Toasts  were  responded  to  as  follows : 

'*The  Retiring  President* '—Edward  W.  Morley.  **The  In- 
coming  President'' — Wm.  McMurtrie.  **  Agricultural  Chem- 
ists "— S.  W.  Johnson.  **  Old  Bachelorhood "—Chas.  B.  Dnd- 
ley.  "Lady  Membersof  the  Society' '—Charlotte  A.  Bragg.  **Thc 
New  York  Section  "— Chas.  F.  McKenna.  "The  Rhode  Island 
Section"— E.  D.  Pearce.  "The  Northeastern  Section  "—L. 
P.  Kinnicutt.  "  The  Washington  Section  "—H.  N.Stokes. 
"  The  Philadelphia  Section  "—Edgar  F.  Smith.  "  The  Michi- 
gan Section  "—Paul  C.  Freer.  "The  Lehigh  Valley  Section" 
—Edward  Hart.     "The  Local  Committee  "—H.  L.  Wells. 

The  Twentieth  General  Meeting  of  the  American  Chemica! 
Society  then  adjourned  sine  die, 

Albkrt  C.  HAI.B,  Stcrdary. 

ANNUAL  REPORT  OF  THE  SECRETARY  OF  THE  AMERICAN 
CHEMICAL  SOCIETY,  DECEMBER  26,   1899. 

The  past  year  of  the  Society  has  been  one  of  continued  prog- 
ress and  development.  The  membership  has  increased  fron 
14 1 5  to  1569;  two  new  sections  have  been  iormed,  one  in 
Philadelphia,  the  other  in  Michigan  with  headquarters  at  Ann 
Arbor ;    a   fund   has    been   permanently   invested  to  cover  all 
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amounts  that  have  ever  been  received  for  life  membership ; 
several  committees  have  completed  their  work  and  have  been 
discharged,  and  to  new  committees  new^work  has  been  assigned; 
the  Journal  has  been  filled  with  valuable  papers,  and  the  demand 
upon  its  columns  has  been  so  great  that  its  regular  issue  has 
been  enlarged  to  loo  pages,  and  for  the  last  three  numbersva 
special  edition  of  150  pages  has  been  authorized  in  order  to  make 
room  for  material  that  had  accumulated  in  the  hands  of  the 
Committee  on  Papers  and  Publications.  The  papers  that  have 
appeared  in  the  Journal  have  been  quite  fully  abstracted  by  other 
scientific  periodicals  both  at  home  and  abroad,  and  some  of  them 
have  been  reproduced  entire.  The  address  of  the  retiring  presi* 
dent  of  the  Society  last  year.  Professor  Charles  E.  Munroe, 
appeared  in  the  journal  Science,  and  the  information  therein 
contained  was  considered  of  such  value  that  permission  of  its 
author  was  obtained  to  print  it  entire  in  the  report  of  the  Depart- 
ment of  Agriculture  of  Ontario,  Canada. 
The  changes  in  membership  are  as  follows  : 

December  26,  189S,  members 1298 

Associates  107 

Honorary 10 

Total 1415 

New  members  qualified  during  year 219 

1634 

Resigned 19 

Died ., 7 

Dropped  from  roll 39 

65 

Dec.  26, 1899,  members,  1430;  associates,  131 ;  honorary,  8;  total  1569 

The  membership  of  the  various  local  sections  is : 

Rhode  Island  Section 27 

Cincinnati  Section 67 

New  York  Section 361 

Washington  Section 105 

Lehigh  Valley  Section 19 

Chicago  Section 52 

Nebraska  Section 16 

North  Carolina  Section 22 

Columbus  Section 22 

North  Eastern  Section 232 

Philadelphia  Section 97 

Michigan  Section 35 

Total 1055 

Members  not  enrolled  in  any  section 514 

Total  membership,  December  26,  1899 1569 

Per  cent,  of  memoership  in  local  sections 674- 

not  in  local  sections- . . .      33 — 
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A  few  additional  facts  regarding  the  local  sections  may  be  « 
interest.  The  Rhode  Island  Section^  territory  the  State  of  Rhode 
Island,  headquarters,  Providence,  has  held  8  meetings  durii^ 
the  year  at  which  papers  were  read  and  discussed.  Cindnnsd 
Section^  territory  a  75-mile  radius  from  Cincinnati,  except  as 
specified,  headquarters,  Cincinnati,  8  meetings  with  papers,  net 
gain  of  membership  during  the  year,  25.  I^ew  York  Sedm, 
territory  a  50-mile  radius  from  New  York  City  Hall,  head- 
quarters, New  York  City,  10  meetings,  45  papers  presented  by 
35  different  authors,  net  gain  in  membership  during  the  year. 
64.  Washington  Section^  territory,  District  of  Columbia,  State 
of  Maryland  and  the  State  of  Virginia  east  of  the  79th  meridian, 
headquarters,  Washington,  8  regular  meetings,  and  three  special, 
net  gain  in  membership,  4.  This  section  has  also  30  local 
associates.  Lehigh  Valley  Section,  territory,  that  portion  of  the 
lychigh  Valley  included  between  Easton  and  Mauch  Chunk, 
headquarters,  I^afayette  College,  Kaston,  and  Lehigh  University, 
South  Bethlehem,  2  meetings,  no  change  in  membership. 
Chicago  Section,  territory,  Chicago  and  suburbs,  headquarters, 
Chicago,  7  meetings,  gain  in  membership,  2.  Nebraska  Sedin, 
territory,  the  State  of  Nebraska,  headquarters,  Lincoln,  4  meet- 
ings, no  change  in  membership.  North  Carolina  Section,  terri- 
tory, the  State  of  North  Carolina,  headquarters,  Raleigh,  2 
meetings,  gain  in  membership,  f,  Columbus  Section,  territory, 
a  75-mile  radius  from  Columbus,  except  as  specified,  head- 
quarters, Columbus,  monthly,  meetings,  gain  in  membership,  8. 
North  Eastern  Section,  territory,  the  States  of  Maine,  New 
Hampshire,  Vermont,  and  Massachusetts,  headquarters,  Boston, 
Mass. ,  8  meetings,  gain  in  membership,  32.  Philadelphia  Section, 
organized  May  17,  1899,  territory,  a  60-mile  radius  from  Phila- 
delphia, except  as  specified,  headquarters,  Philadelphia,  2 
meetings.  Michigan  Section,  chartered  December  7,  1899,  terri- 
tory, the  State  of  Michigan,  headquarters,  the  University  of 
Michigan,  Ann  Arbor. 

The  present  constitution  has  come  into  full  operation  during 
the  past  year.  The  council,  as  now  constituted,  will  number 45 
during  the  year  1900,  composed  of  four  members  ex-offido,  12 
past  presidents,  17   representatives  of   Local   Sections,  and  12 
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councilors  at  large.     The  number  of  directors  is  7,  all  of  whom 
are  members  of  the  council. 

During  the  past  year  the  Committee  on  Papers  and  Publications 
has  been  enlarged  to  include  representatives  from  the  various 
departments  of  chemistry,  making  the  total  membership  of  the 
committee  10,  the  editor  being  chairman. 

The  final  report  of  the  Committee  on  Coal  Analysis  was  pre- 
sented at  the  Columbus  Meeting,  last  summer,  and  the  committee 
was  discharged.  This  report  has  been  sent  to  the  Journal  for 
publication. 

The  Committee  on  Duty-Free  Importations,  having  already 
presented  a  highly  satisfactory  report,  was  also  discharged  at 
the  Columbus  meeting. 

A  Committee  on  Patent  and  Related  legislation,  consisting  of 
25  members,  with  Charles  B.  Munroe  as  chairman,  was  appointed 
early  in  the  year. 

An  International  Committee  on  Atomic  Weights  has  been 
appointed  during  the  year  to  confer  with  similar  committees  from 
other  national  organizations  in  order  to  secure  cooperation  on 
the  subject  entrusted  to  the  committee.  The  chairman  of  this 
committee  is  F.  W.  Clarke,  whose  annual  report  upon  atomic 
weights  has  appeared  regularly  in  the  columns  of  the  Journal 
during  the  past  few  years. 

The  only  new  life  membership  during  the  year  is  that  of 
Charles  E.  Munroe,  of  Washington.  We  are  encouraged,  how- 
ever, to  expect  others  soon.  The  life  membership  fund  now 
established  in  accordance  with  the  constitution  is  set  aside  as  a 
permanent  investment,  and  it  is  to  be  hoped  that  this  fund  will 
rapidly  accumulate  in  the  near  future. 

The  library  of  the  Society  is  substantially  housed  on  shelves  in 
the  rooms  of  the  Chemists'  Club,  108  W.  55th  St.,  New  York 
City.  M.  T.  Bogert  resigned  as  librarian  during  the  year  and 
A.  A.  Breneman  was  appointed  acting  librarian.  Professor 
Breneraan  has  done  a  great  deal  of  work  in  putting  the  library 
in  condition  for  use  of  the  members,  and  his  efiForts  have  been 
highly  appreciated  by  those  who  understand  what  has  been 
accomplished.  It  is  to  be  hoped  that  the  society  will  soon  be 
able  to  expend  upon  the  library  whatever  is  necessary  to  keep  it 
in  good  condition,  and  to  provide  for  its  reasonable  development. 
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Meanwhile,  it  is  of  interest  to  know  that  the  trustees  of  tlie 
Chemists'  Club  in  New  York  have  voted  to  defray  the  expenses 
of  a  card  catalogue  for  the  library. 

At  the  Columbus  Meeting  committees  were  appointed  to  draw 
up  memorials  with  reference  to  the  two  honorary  members  of  tbe 
society,  Sir  Edward  Frankland  and  Professor  Robert  Wilhela 
Bberhard  Bunsen,  who  have  died  during  the  past  year.  The 
committee  on  Sir  Edward  Frankland  reports  at  the  preseot 
meeting,  but  the  committee  on  the  Bunsen  memorial  hasdefeired 
its  report  in  order  to  obtain  fuller  information  in  regard  to 
American  chemists  who  have  been  pupils  of  Professor  Bunsen. 
It  is  hoped  that  at  least  all  members  of  the  Society  who  have 
ever  been  his  pupils,  or  have  had  any  personal  acquaintance 
with  Professor  Bunsen  will  forward  without  delay  to  the  secretary 
of  the  Society  any  personal  seminiscences  and  other  matters  o^ 
interest,  including  the  names  and  addresses  of  any  American 
chemists  who  have  ever  been  in  any  way  associated  with 
Professor  Bunsen. 

A  message  of  congratulation  was  sent  by  the  president  and 
secretary  of  the  Society  to  Professor  J.  H.  van't  Hoff,  one  of  onr 
honorary  members,  upon  the  occasion  of  the  celebration  is 
Rotterdam  on  December  22,  of  the  twenty-fifth  anniversary  of 
Professor  van*t  HoflF*s  receiving  the  doctor's  degree. 

The  record  of  the  Society  during  the  past  decade,  its  present 
flourishing  condition,  and  the  outlook  for  the  future,  are  cause 
for  congratulation  to  every  one  who  has  at  heart  its  welfare  and 
its  usefulness.  Ten  years  ago  its  membership  was  but  205 ;  to- 
day it  is  1569,  and  we  believe  its  influence  and  successful  worl: 
has  increased  with  even  greater  rapidity.  Ever  since  its 
reorganization  some  ten  or  twelve  years  ago  its  growth  has  beeo 
rapid  and  vigorous,  and  under  its  wholesome  and  inspiring 
influence  the  chemists  of  America  are,  year  by  year,  brought 
closer  together  in  fraternal  interest. 

Respectfully, 

Albert  C.  Hai,e,  Secretary. 
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REPORT  OF  THE  TREASURER  FROM  MAY  I  TO  DECEMBER  21,  1 899. 

New  York,  December  21,  1899. 

Receipts. 

Balance  from  treasurer.  Dr.  McKenna $  891  16 

Received  for  dues  from  secretary 1 175  00 

Subscriptions 215  87 

Received  for  back  number * 50 

Received  for  advertising 729  87 

Received  for  interest,  Knickerbocker  Trust  Co i  35     * 

Received  for  loan  on  special  investment  bond 1200  00 

Received  for  interest  on  special  investment  bond 35  00 

Received  for  interest  on  life-membership  fund 36  60 

$4285  35 

Disbursements. 
Por  publication  of  Journal,  7  issues |i933  4^ 

For  reprinting  January  Journal 133  69 

For  author's  reprints 133  42 

For  expenses,  editor's  ofl&ce 27  54 

For  expenses,  secretary's  office  (clerical )    . » 403  83 

For  expenses,  secretary's  office  (current)    197  85 

For  expenses,  secretary's  office  (general)   426  15 

For  expenses,  secretary's  office,  collection  of  dues 117  50 

For  expenses,  library  shelves 13  20 

For  expenses,  treasurer's  office 22  14 

For  expenses.  New  Haven  Meeting 11  00 

For  expenses,  general 42  49 

For  expenses,  rebate  on  subscription 4  00 

For  advertising i  76 

For  emigrant  savings  bank 36  60 

For  rebate  to  local  sections  as  follows : 

Cincinnati $  88  33 

Columbus 30  00 

New  York 200  00 

North  Eastern 30  00 

Philadelphia 100  00 

$  448  33 

Balance  in  Knickerbocker  Trust  Co.,  Dec.  21,  1899 332  39 

^$4285  35 

Unpaid  bills,  editor's  salary I250  00 

Unpaid  bills,  treasurer's  services 150  00 

Total I400  00 

A.  P.  Halwkk,  Treasurer. 

Accounts  examined  and  found  correct,  E.  &  O.  E. 

Wm.  McMurtrie, 
J.  H.  Wainwright, 
Elwyn  Waller, 
Finance  Committee, 
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Assets. 
Special  investment  fund  (I2000,  2%  per  cent.  N.  Y.  gold 

bond,  due  1915) $2097  50 

Life  membersliip  fund  (|iooo,  2>}i  per  cent.  N.  Y. 

gold  bond,  due  1925) |io8o  58 

Emigrant  savings  bank 219  62 

1300  00 

Balance  in  Knickerbocker  Trust  Co 332  39 

Cash  in  secretary's  hands 41  39 

Cash  in  librarian's  hands 45  39 

Dues  unpaid,  1898 235  00 

Dues  unpaid,  1899 740  00 

Uncollected  accounts,  editor's  office 1225  50 

16017  17 

LIABIUTIBS. 

Loan  on  special  investment  bond J1200  00 

Editor's  salary 250  00 

Treasurer's  services 150  00 

Life  members 1300  00 

Balance  on  actual  assets 3117  17 

^$6017  17 

ACTING  librarian's  REPORT  FOR  1899. 

New  York,  December  23,  1899. 
To  the  Council  of  the  American  Chemical  Society  : 

Gentlemen — The  library  of  the  Society  has  been  in  my 
charge,  as  acting  librarian,  since  May  i6th  of  the  present  year. 
It  is  now  arranged  in  the  library  room  of  the  Chemists'  Club. 
The  collection  is  largely  made  up  of  chemical  periodicals,  in  sets 
more  or  less  complete,  but  largely  unbound.  To  put  it  into 
shape  for  convenient  use  it  is  imperative  that  much  binding 
should  be  done  and  that  the  incomplete  sets  should  be  filled  up. 
A  catalogue  should  also  be  made.  No  money  has  been  availa- 
ble for  these  purposes,  and  I  hereby  renew  my  previous  sugges- 
tion to  the  council  that  an  appropriation  of  $200  be  made  for 
binding,  and  in  addition  recommend  that  the  sum  of  $500  be  ap- 
plied during  the  coming  year  to  the  purchase  of  missing  num- 
bers of  periodicals  already  represented  in  the  library. 

By  the  action  of  the  trustees  of  ihe  Chemists'  Club,  recently 
taken,  the  expense  of  preparing  a  card  catalogue  will  be  assumed 
by  the  club.  A  printed  catalogue  for  the  use  of  members  at  a 
distance  should  be  provided  for  by  the  Society.  I  would  suggest 
that  the  council  consider,  as  soon  as  possible,  the  question  of  de- 
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fining  the  plan  upon  which  the  library  shall  be  built  up.  At 
present  it  has  a  large  quantity  of  material  which  is  of  very  remote 
interest  to  chemists,  and  the  care  of  this  adds  materially  to  time 
and  expense  required  in  the  work  of  the  library.  It  seems  to  me 
that  this  library  should  be  a  chemical  library  first  of  all.  With 
the  means  and  influence  of  the  American  Chemical  Society  it 
may  be  made  one  of  the  best  chemical  libraries  in  the  country — 
perhaps  in  time  the  best — but  it  can  only  fulfil  its  purpose  by 
means  of  some  reasonable  system  of  limitation  or  exclusion  which 
shall  avoid  the  accumulation  of  other  matter,  which  general  libra- 
ries can  much  better  supply.  As  the  library  is  likely  always  to 
be  located  in  one  of  the  large  cities  where  general  library  facili- 
ties are  abundant,  the  propriety  of  making  it  istrictly  a  library 
for  chemists  is  the  more  apparent. 

The  financial  affairs  of  the  library  have  been  reported  to  the 
treasurer  of  the  Society,  and  will  appear  in  his  annual  statement. 

Very  respectfully, 
A.  A.  Breneman,  Acting  Librarian. 

REPORT  OF  THE  EDITOR  FOR'  1 899. 

To  the  Members  of  the  American  Chemical  Society  : 

It  is  surely  not  necessary  to  announce  to  the  world  that  we 
have  in  the  space  of  seven  or  eight  years  grown  into  a  vigorous, 
lusty  Society.  This  meeting  especially  offers  evidence  of  the 
union  of  the  best  American  chemists  in- our  effort. 

It  is  a  matter  of  great  rejoicing  to  those  of  us  who  have  been 
pulling  in  the  traces  so  long,  doing  the  best  we  could  with  ma- 
terial sometimes  unpromising,  that  the  best  of  the  profession 
have  one  by  one  come  to  our  aid  and  that  we  are  rapidly  ap- 
proaching the  goal. 

When  I  became  editor  in  1893  there  were  two  papers  ready  for 
publication  and  five  numbers  of  the  Journal  in  arrears.  This 
had  come  to  pass  through  the  process  of  reorganization.  3ince 
that  time  progress  has  been  steady  and  of  late  years  rapid. 

At  the  Columbus  Meeting  the  council  took  what  is  generally 
considered  a  great  step  in  advance  in  increasing  the  size  of  the 
Publication  Committee.  This  increase  in  numbers  has  several 
advantages. 
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First.  Most  papers  may  be  published  at  once  after  reference 
to  only  one  member  particularly  versed  in  the  portion  of  chem- 
istry covered  by  the  paper. 

Second.  The  number  of  papers  referred  to  each  member  is 
decreased,  decreasing  the  individual  burden  and  increasing  the 
chance  of  careful  consideration  and  wise,  helpful  suggestion. 

The  committee  intends  to  use  material  of  value  from  everr 
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available  source.  The  effort  will  be  made  to  weed  out  redun- 
dancies and  to  pay  some  attention  to  the  manner  of  statement  as 
well  as  to  the  matter  contained.  It  is  our  intention  to  offer  only 
helpful  criticism  to  the  authors  of  papers  with  a  desire  for  their 
cooperation  in  making  the  pages  of  the  Journal  a  proper  reflec- 
tion of  American  progress  in  chemistry. 

Two  factors  seem  to  be  needed  in  this  work :  First,  cordial 
cooperation  from  contributors  to  the  Journal ;  and  second,  proper 
financial  support.     Both  of  these  seem  now  assured. 

An  index  to  the  first  twenty  volumes  has  been  prepared  and 
will  shortly  be  published. 

At  this  meeting  of  the  council  the  editor  will  propose  that  a 
committee  be  constituted  to  investigate  the  question  of  what  is 
the  best  book-paper  for  our  use  and  to  make  recommendations 
concerning  it. 

In  conclusion  it  may  not  be  uninteresting  to  summarize  here 
what  has  been  done  since  I  became  editor.  In  1893  the  Journal 
contained  98  papers,  with  a  total  of  720  pages.  In  1894  there 
were  16  pages  of  proceedings  and  152  papers,  covering  891  pages^ 
a  total  of  907  pages.  In  1895  there  were  72  pages  of  proceed- 
ings and  145  papers,  covering  loio  pages,  a  total  of  1082  pages. 
In  1896  we  printed  126  pages  of  proceedings  and  142  papers, 
covering  11 24  pages,  a  total  of  1250  pages.  In  1897  ^^  printed, 
for  the  first  time,  a  Review  of  American  Chemical  Research, 
210  pages,  proceedings  66  pages,  and  124  papers,  covering  966 
pages,  a  total  of  1242  pages.  In  1898  there  were  182  pages  of 
review,  106  pages  of  proceedings,  and  126  papers,  covering  999 
pages,  a  total  of  1289  pages.  This  year  we  have  printed  157 
pages  of  review,  106  pages  of  proceedings,  and  135  papers,  cov- 
ering 1 187  pages,  a  total  of  1450  pages.  During  this  period  the 
edition  has  been  increased  from  750  to  2000  copies.  Of  the  No- 
vember, 1899,  issue,  1679  copies  were  sent  out.    With  the  steady 
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increase  of  membership,  which  still  keeps  up,  we  shall  probably 
have  to  still  farther  increase  the  edition  for  1901. 

Edward  Hart,  Editor. 

REPORT  OP  THE  COMMITTEE  ON  MEMBERSHIP. 

2^7  the  Council  of  the  American  Chemical  Society : 

Gentlemen — Your  Committee  on  Membership  desires  to 
report  one  of  the  most  successful  years  in  the  history  of  the 
Society  in  the  acquisition  of  members.  The  total  number  of 
nominations  passed  upon  by  the  committee  is  256,  of  which  226 
are  active,  and  30  associate  members.  While  two  special  influ- 
ences may  be  noted,  namely,  the  formation  of  a  Michigan  Sec- 
tion and  the  meeting  now  in  progress  in  New  Haven,  it  will 
nevertheless  be  seen  from  the  following  statement  how  natural, 
steady,  and  healthful  has  been  our  growth. 

January,  46;  February,  21 ;  March,  30;  April,  11  ;  May,  20; 
June,  8;  July,  4;  August,  7;  September,  11  ;  October,  23; 
November,  34;  December,  41. 

While  congratulating  the  Society  on  this  prosperity,  your  com- 
mittee feels  that  our  efforts  must  in  no  way  be  relaxed  as  with 
a  still  larger  membership,  a  wider  scope  can  be  given  the  Society 
and  a  greater  usefulness  to  the  Journal. 

It  has  been  suggested  by  several  of  the  most  active  members 
at  work  in  securing  the  interest  of  students  in  the  work  of  the 
Society  that  the  interests  of  all  would  be  better  subserved  if  stu- 
dents elected  to  associate  membership  should  be  advanced  to  full 
membership  on  the  simple  forwarding  of  their  credentials  of 
graduation.  This  would  obviate  the  necessity  of  a  new  form 
being  made  out  and  passed  through  the  routine  of  the  committee. 
Respectfully  submitted, 

Charles  A.  Doremus,  Chairman, 
A.  A.  Breneman, 
Peter  T.  Austen. 

report  op  the  international  committee  on  atomic 

WEIGHTS. 

December  i,  1899. 
To  the  American  Chemical  Society  : 

Your  Committee  on  international  action  relative  to  a  uniform 
system  of  atomic  weights  begs  to  submit  the  following  report 
of  progress : 
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It  has  communicated  with  several  foreign  organizations: 
namely,  the  German,  English,  and  Belgian  chemical  societies. 
At  our  request  the  English  society  has  appointed  a  committee 
upon  the  subject;  and  in  the  chemical  section  of  the  British 
Association,  at  its  recent  meeting,  the  proposition  for  international 
action  was  somewhat  discussed,  a  letter  from  the  chairman  of 
this  committee  being  the  basis  for  discussion.  The  attitude  of 
the  English  organizations  towards  the  plan  for  an  international 
conference,  is  altogether  favorable ;  that  of  the  other  societies  is 
not  definitely  stated.  The  Belgian  society  has  formally  adopted 
the  table  of  atomic  weights  issued  last  year  by  the  German  com- 
mittee, and  several  other  local  organizations  in  Europe  have 
done  the  same  thing. 

In  our  conferences  various  questions  have  arisen  as  to  nomen- 
clature, standards  and  methods  of  stating  results.  On  these 
subjects  no  present  action  is  recommended,  partly  because  of 
differences  of  opinion,  and  partly  because  final  action  could  be 
of  weight  only  when  agreed  to  by  all  leading  chemical  societies. 
For  us  to  act  now  would  savor  too  much  of  forestalling  the  desired 
international  decisions.  Neither  do  we  recommend  the  adoption 
of  any  specific  tables  of  atomic  weights,  for  three  such  tables, 
which  are  fairly  in  agreement,  are  now  proposed ;  and  a  fourth 
table  would  only  lead  to  confusion.  The  tables  of  the  German 
committee,  of  Clarke,  and  of  Richards  are  all  more  or  less  in 
use;  and  although  the  differences  between  them  are  minor, 
their  reconciliation  should  be  effected  by  the  larger  body  of 
experts  which  will  probably  be  formed. 

The  Congress  of  Chemists  which  will  meet  in  Paris  in  July 
next,  seems  to  afford  the  best  opportunity  for  a  general  discussion 
of  the  subject ;  not  only  as  to  the  values  to  be  adopted,  but  also 
as  to  the  best  method  for  clearing  up  outstanding  uncertainties 
in  our  constants.  Your  committee  therefore  offer  the  following 
recommendations : 

First,  that  the  oflScers  of  the  above-mentioned  Congress  be 
requested  to  invite  a  joint  meeting  of  all  international  com- 
mittees upon  atomic  weights,  to  be  held  during  the  Congress 
in  July,  1900,  and  under  its  auspices. 

Second,  that  the  joint  committee  so  formed  shall  have  power 
to  add  to  its  membership. 
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Third,  that  the  American  Chemical  Society  shall  invite  the 
cooperation  of  other  organizations  in  the  United  States.  The 
American  Academy  of  Arts  and  Sciences  has  already  appointed 
a  committee,  consisting  of  Professors  T.  W.  Richards,  Wolcott 
Gibbs,  and  Ira  Remsen,  a  committee  with  which  we  should  act 
in  harmonious  relations. 

Very  respectfully, 

F.  W.  Clarke,  Chairman. 
J.  W.  Mallet. 
Edward  W.  Morley. 
Theo.  W.  Richards. 
Edgar  F.  Smith. 

report  of  committee  on  priestley  medal. 

Washington,  D.  C,  December  i6,  1899. 

I?r.  Edward  W,  Morley^  President  American  Chemical  Society  : 

Sir: — Your  committee,  to  which  was  referred  the  considera- 
tion of  the  motion,  **  That  on  the  twenty-fifth  anniversary  of  the 
establishment  of  the  Society,  a  medal  be  given  to  that  chemist 
who,  in  the  opinion  of  the  council,  has  made  the  most  valuable 
contribution  to  chemical  knowledge  during  the  current  year,  and 
further,  that  the  medal  be  called  the  *  Priestley  Medal  ',*'  begs 
to  report  that  it  deems  it  inadvisable  for  the  society  to  found 
a  medal  from  funds  obtained  from  dues  of  members,  since  in  its 
judgment  medals  and  prize  funds  should  be  independently 
acquired  for  the  specific  purposes  named  by  the  donors. 

Your  committee  recommends  that  some  recognition  be 
made  of  the  twenty-fifth  anniversary  of  the  founding  of  the 
Society,  which  will  occur  on  April  6,  1901,  and  it  suggests  that 
provision  be  made  for  a  special  memorial  address,  and  that  a 
statement  of  what  the  Society  has  accomplished  to  that  date  be 
published,  and  issued  to  all  the  chemists  in  America. 

Respectfully  submitted, 

Charles  E.  Munroe,  Chairman,, 
J.  W.  Mallet, 
Albert  B.  Prescott. 

Committee, 
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BOARD  OF  DIRECTORS. 

MINUTES    OF    THE    MEETING    OF    THE    BOARD    OF  DIRECTORS, 

DECEMBER   28,    1 899. 

At  the  close  of  the  meeting  of  the  council  in  the  Kent  Chemi- 
cal Laboratory,  New  Haven,  President  Morley  called  the  Board 
of  Directors  to  order.  There  were  present  Messrs.  Morley,  Hale, 
Hallock,  Dudley,  and  McMurtrie. 

Upon  motion  duly  seconded  and  carried,  the  directors  author- 
ized the  appropriation  of  the  funds  recommended  by  the  various 
motions  approved  by  the  council  at  the  session  just  closed. 

There  being  no  further  business,  the  board  then  adjourned. 

Albert  C.  Hale,  Secretary. 

COUNCIL, 

MINUTES  OF  THE  COUNCIL  OF  THE  AMERICAN   CHEMICAL 

SOCIETY,  DECEMBER  28,  1899. 

The  council  was  called  to  order  at  2.10  p.m.,  in  the  Kent 
Chemical  Laboratory,  New  Haven,  Conn.,  President  Edward  W. 
Morley  in  the  chair. 

There  were  present  Messrs.  Morley,  McMurtrie,  Hale,  Hart, 
Catlin,  Wiley,  Hillebrand,  Johnson,  Clarke,  Marshall,  Gooch, 
Smith,  Sabin,  Love,  Hallock,  Alden,  Long,  Munroe,  Talbot, 
Dudley,  Prescott,  and  Wells. 

The  minutes  of  the  council,  as  recorded  in  the  secretary's  book 
up  to  date,  were  approved. 

It  was  voted  that  all  nominees  for  membership,  up  to  the  close 
of  this  meeting,  be  considered  as  acted  upon  by  the  council,  and 
the  secretary  shall  declare  them  elected  whenever  all  the  other 
requirements  of  the  constitution,  in  regard  to  them  as  nominees, 
shall  have  been  met. 

Dr.  Hart  reported  progress  for  the  *  *  Committee  on  Exchanges" 
and  Dr.  Dudley  for  the  **Committee  on  Abstracts  and  Reviews." 

A  report  was  presented  by  the  committee  appointed  to  con- 
sider a  |)lan  for  celebrating  the  twenty-fifth  anniversary  of  the 
founding  of  the  Society,  by  awarding  a  medal  for  the  ** most  val- 
uable contribution  to  chemical  knowledge,  * '  etc.  The  committee 
reported  adversely  upon  the  question  of  the  medal  but  recom- 
mended a  plan  for  celebrating  the  twenty-fifth  anniversary  of  the 
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Society.  The  report  was  accepted  and  its  recommendations 
adopted. 

It  was  voted  that  hereafter,  at  the  annual  meeting  of  the  coun- 
cil, nominations  shall  be  made  for  the  ensuing  year,  to  fill  the 
various  o£5ces  and  committees,  the  incumbents  and  members  of 
ivhich  are  to  be  elected  by  the  council,  in  accordance  with  the 
constitution. 

Upon  motion  of  Professor  Clarke,  the  following  was  Adopted  : 

Resolved^  That  the  officers  of  the  council  for  the  coming  year 
shall  be  nominated  by  ballot ;  if  for  any  office  a  nominee  shall 
receive  a  majority  of  the  votes  cast,  1^  shall  be  declared  to  be 
elected  to  said  office  ;  in  other  cases,  the  names  of  the  three  nom- 
inees having  the  highest  number  of  votes  shall  be  referred  to  the 
council  for  further  balloting. 

It  was  voted  that  publication  in  the  Journal  of  the  Society, 
of  any  action  of  the  council,  shall  be  considered  as  sufficient 
notice  to  the  councilors  that  such  action  has  been  taken. 

It  was  voted  that  the  next  general  meeting  of  the  society  shall 
be  held  on  Monday  and  Tuesday,  Jupe  25  and  26,  in  connection 
with  the  meeting  of  Section  C  of  the  A.  A.  A.  S. 

The  report  of  the  Finance  Committee  was  presented  and  the 
following  recommendations  were  adopted  : 

1.  At  the  general  annual  meeting,  each  officer  shall  submit  a 
schedule  comprising  his  estimated  expenses,  in  detail,  for  the 
coming  year. 

2.  After  all  such  estimates  shall  have  been  submitted,  the 
council  shall  prepare  a  budget  of  expenses  and  the  directors 
shall,  upon  the  recommendation  of  the  council,  apportion  the 
funds  of  the  Society,  or  so  much  thereof  as  may  be  necessary,  in 
accordance  therewith. 

3.  All  officers  of  the  Society,  who  shall  in  any  manner  collect 
or  receive  moneys  from  any  source,  shall  transmit  the  same 
monthly  to  the  treasurer  with  a  statement  of  the  source  or  sources 
from  which  such  receipts  are  collected. 

4.  All  disbursements  on  account  of  the  Society  shall  be  made 
only  by  the  treasurer  upon  vouchers  duly  approved  by  the 
Finance  Committee,  after  having  been  checked  by  the  officer  by 
whose  account  the  disbursement  is  made  ;  and  the  treasurer 
shall,  in  keeping  his  accounts,  charge  every  disbursement  to 
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some  one  of  the  several  appropriations  made  by  the  directors  in 
accordance  with  the  preceding  recommendations. 

The  following  recommendation  of  the  Finance  Committee  was 
referred  to  the  various  local  sections  of  the  Society  for  the 
expression  of  opinion  thereon  :  '*  In  regard  to  the  apportionment 
of  the  Society's  funds  for  the  beneSt  of  local  sections,  the  Finance 
Committee  believe,  and  earnestly  recommend,  that  the  following 
system  would  be  preferable  to  the  one  at  present  in  force ;  viz., 
that  when  the  local  membership  of  the  section  is  below  fifty  (501 
that  section  shall  be  entitled  to  draw  annually  an  amount  equiir- 
alent  to  one-third  of  the  aggregate  dues  paid  to  the  Societ}-  by 
its  members.  If  the  membership  shall  exceed  50  and  be  less 
than  200  the  section  shall  be  entitled  to  draw  one-fourth  ;  and  ii 
it  shall  reach  a  total  of  200  the  section  shall  be  entitled  to  draw 
one-fifth.** 

The  following  suggestion  was  referred  back  to  the  Finance 
Committee  after  a  number  of  the  councilors  had  expressed  them- 
selves adversely  in  regard  to  it :  In  regard  to  the  general  man- 
ner of  conducting  the  business  of  the  Society  the  committee  arc 
strongly  of  the  opinion  that  it  would  be  extremely  desirable  and 
would  result  in  a  very  decided  economy  to  employ  for  that  pur- 
pose a  business  manager  at  a  reasonable  salary  ;  to  turn  over  to 
him  all  the  details  connected  with  its  administration  comprising 
the  actual  keeping  of  all  accounts,  the  details  of  correspondence, 
etc.,  etc.,  and  to  locate  the  Society's  business  at  some  central 
office. 

The  report  of  the  Committee  on  Library  Appropriations  was 
received  and  placed  on  file,  also  the  report  and  recommendations 
of  the  acting  librarian. 

On  motion  of  Dr.  McMurtrie  it  was  voted  that  $400,  or  so 
much  thereof  as  may  be  necessary,  be  and  the  same  is  hereby 
appropriated  for  the  binding  of  unbound  material  in  the  library 
and  the  completion  of  sets,  and  that  $100,  or  so  much  thereof  as 
may  be  necessary,  be  and  the  same  is  hereby  appropriated  to 
pay  for  clerical  services  of  the  librarian. 

On  motion  of  Dr.  Munroe  it  was  voted  **  that  it  is  the  sense  0/ 
the  council  that  the  phrase  *  which  shall  be  held  in  perpetuit>'to 
guarantee  the  future  interests  of  such  life  members,'  in  Section 
2,  Article  X,  of  the  constitution,   means  that  the  income  from 
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each  life  membership  fee  shall,  during  the  life  of  the  member 
who  paid  this  fee,  be  turned  into  the  treasury  to  be  used  in 
meeting  the  general  expenses  of  the  Society  just  as  the  annual 
dues  of  members  are  now  used.'* 

It  was  resolved  that  Dr.  Marcus  Benjamin  and  the  editor  be 
appointed  a  Committee  on  Portraits  for  the  Journal.  It  was 
voted  that  a  Committee  on  Paper  to  be  used  in  the  Journal,  be 
appointed,  consisting  of  three  members,  of  which  the  editor  shall 
be  eX'O^cio  chaLirmsin.  (By  subsequent  vote  of  the  Council  this 
committee  was  increased  to  five,  consisting  of  the  following 
persons :  Edward  Hart,  chairman,  Henry  Carmichael,  A.  D. 
Little,   M.   L.   Griffin,and  C.  B.  Dudley.) 

It  was  voted  that  the  editor  be  authorized  to  cause  to  be  printed 
sample  pages  of  the  December  issue,  including  the  cover,  the 
advertising  pages,  the  annual  table  of  contents,  and  one  signa- 
ture of  reading  matter,  the  whole  to  be  used  for  advertising  pur- 
poses. 

The  committee  appointed  to  attend  the  Pure  Food  and  Drug 
Congress  held  in  Washington,  D.  C,  January  8  to  20,  reported 
that  it  had  performed  the  duties  assigned  it  and  that  nothing 
was  accomplished  by  the  Congress.  The  report  was  accepted 
and  the  committee  discharged. 

Upon  motion  by  Dr.  Wiley  the  thanks  of  the  Society,  through 
the  council,  were  extended  to  the  retiring  president  for  the  able 
direction  of  the  affairs  of  the  Society  during  the  past  year. 

W.  F.  Hillebrand  submitted  the  following  amendments  to  the 
by-laws  :  Substitute  for  Section  17,**  The  Journal  of  the  Society 
shall  not  be  sent  to  members  or  associates  until  after  the  receipt 
of  their  dues  for  the  current  year. 

*  'The  secretary  shall  have  the  above  printed  on  his  annual  noti- 
fication that  dues  are  payable,  and  shall  call  the  attention  of 
delinquent  members  to  it  at  least  once  every  three  months." 

Amend  Section  20  by  substituting  for  the  first  sentence  the 
following  :  **  The  Secretary  shall  give  written  notice  to  the  edi- 
tor, immediately  before  the  mailing  of  the  first  annual  number 
of  the  Journal,  of  all  persons  in  arrears,  in  order  that  the  provis- 
ions of  the  by-laws  regarding  such  cases  may  be  carried  into 
effect." 

The  Council  then  adjourned. 

Albert  C.  Halb^  Secretary. 
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The  following  named  oflScers  were  elected  by  the  Council  Jan- 
uary 30,  1900 : 

Secretary — Albert  C.  Hale. 

Editor — Edward  Hart. 

Treasurer — Albert  P.  Hallock. 

Librarian — E.  G.  Love. 

Director — Charles  F.  Chandler. 

Members  of  Committee  on  Membership — Charles  A.  Doremns, 
A.  A.  Breneman,  Peter  T.  Austen. 

Members  of  Finance  Committee — Elwyn  Waller,  J.  Howard 
Wainwright. 

Members  of  Committee  on  Papers  and  Publications — Edward 
Hart,  Editor,  Chairman,  H.  N.  Stokes,  W.  A.  Noyes,  H.  P. 
Talbot,  A.  A.  Noyes,  H.  W.  Wiley,  Wm.  McMurtrie,  W.  F. 
Hillebrand,  John  H.  Long,  and  Edgar  P.  Smith. 

In  view  of  the  fact  that  the  number  of  pages  in  the  December 
issue  of  the  Journal  (because  of  the  extent  of  the  index  and  the 
Review  of  American  Chemical  Research)  unavoidably  exceeded 
the  limit  of  150  pages  ordered  by  the  council,  the  treasurer  was 
authorized  by  council  to  pay  for  the  entire  issue  at  the  rates 
prescribed  in  the  contract. 

A  Committee  on  Paper  to  be  used  in  the  Journal,  consisting 
of  three  members,  was  authorized  at  the  New  Haven  meeting  of 
the  Council.  On  January  30,  1900,  authority  was  given  the 
president  to  increase  the  number  of  members  of  this  committee 
to  five. 

The  Council  has  directed  that  persons  who  as  undergraduates 
have  been  elected  associates  shall  be  declared  to  be  members 
upon  graduation  from  the  chemical  course  of  any  institution  of 
recognized  standing. 

NAMES  PROPOSED   FOR   MEMBERSHIP. 

Armsby,  Prof.  H.  P.,  State  College,  Pa. 
Arnott,  George  W.  Campbell,  27  William  St.,  N.  Y.  City. 
Bach,  August,  537  Nelson  St.,  Chicago,  111. 
Bullard,  Frank  D.,  245  Bradbury  Block,  Los  Angeles,  Cal. 
Douglas,  William,  Plantation   Diamond,    Demerara.  British 
Guiana. 

Goodell,  Geo.  A.,  284  St.  Nicholas  Ave.,  N.  Y.  City. 
Hamlin,  Addison,  25  5th  St.,  Bangor,  Me. 
Hulett,  Geo.  A.,  706  S.  Thayer  St.,  Ann  Arbor,  Mich. 
Mills,  James  E.,  Chapel  Hill,  N.  C. 
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Mork,  Harry  S.,  21  Wabeno  St.,  Roxbury,  Mass. 

Norris,  Robert  Stewart,  Santa  Maria,  Cal. 

Remington,  Joseph  P.,  1832  Pine  St.,  Philadelphia,  Pa. 

Richards,  Joseph,  1802  Catherine  St.,  Philadelphia,  Pa. 

Richardson, William  Derrick,  4803  Madison  Ave.,  Chicago,Ill. 

Ross,  Herbert  W.,  1070  i6th  St.,  Oakland,  Cal. 

Syme,  W.  A.,  Raleigh,  N.  C. 

Thome,  Ernest  E.  H.,  Bridgeton,  Barbadoes,  B.  W.  I. 

Thurlow,  Nathaniel,  55  New  St.,  Newark,  N.  J. 

Weld,  Fred.  C,  Littleton,  Mass. 

Wolfe,  J.  v.,  Jr.,  Rochester,  Mich. 

NAMES   PROPOSED   FOR   ASSOCIATE   MEMBERSHIP. 

Bates,  Hugh  H.,  502  E.  3d  St.,  Cincinnati,  Ohio. 
Berghausen,  Oscar,  644  Crown  St.,  Walnut  Hills,  Cincinnati, 
Ohio. 

Black,  Jesse  A.,  Poly.  Inst.,  Worcester,  Mass. 

NEW  MEMBERS  EI.ECTED  JANUARY  30,  I900. 

Archibald,  Eben  H.,  109  Ellery  St.,  Cambridge,  Mass. 

Ballard,  J.  Clarence,  U.  S.  Expt.  Station,  Lafayette,  Ind. 

Behr,  Gustave  E.,  Jr.,  1256  Massachusetts  Ave.,  Cambridge, 
Mass. 

Black,  Otis  F.,  10  Avon  St.,  Cambridge,  Mass. 

Bonnet,  Frederic,  Jr.,  13  Mellen  St.,  Cambridge,  Mass. 

Cohoe,  Wallace  P.,  14  Boylston  Hall,  Cambridge,  Mass. 

Colhane,  Daniel  F.,  58  Moore  St.,  Cambridge,  Mass. 

Dailey,  J.  Glanding,  care  Carpenter  Steel  Co.,  Reading,  Pa. 

Dfvis,  Robert  S.,  1330  12th  Ave.,  Altoona,  Pa. 

Downey,  James  E.,  10  Taylor  St.,  Holyoke,  Mass. 

Earle,  Richard  B.,  403  Craigie  Hall,  Cambridge,  Mass. 

Hale,  William  J.,  42  Kirkland  St.,  Cambridge,  Mass. 

Havens,  Franke  S.,  9-13  Mercer  St.,  N.  Y.  City. 

Kittredge,  Harvey  G.,  Dayton,  O. 

Krebs,  H.  J.,  Wilmington,  Del. 

Macintosh,  Douglas,  208  E.  6ist  St.,  N.  Y.  City. 

Sandford,  Wm.  E.,  Kewanee,  111. 

Sanger,    Charles  R.,    Chem.    Lab.,   Harvard   College,  Cam- 
bridge, Mass. 

Schaak,  Milton  F.,  108  Penn  St.,  Brooklyn,  N.  Y. 

Williams,  Simon  E.,  Boylston  Hall,  Cambridge,  Mass. 

NEW  MEMBERS  EI^ECTED  FEB.  13,  1900. 

Alexander,  Jerome,  502  W.  45th  St.,  N.  Y.  City. 
Jandrier,  Edmond,  Peace  Dale,  R.  I. 
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ASSOCIATES  BLBCTBD  PBBRUARY  I3,  I9OO. 

Craig,  Archibald  G.,  5516  Graham  Place,  Pittsburg,  Pa- 
Gearing,  James  H.,  21 11  Sidney  St.,  Pittsburg,  Pa. 
Stifel,  Walter  H.,  1319  Locust  St..  Allegheny,  Pa. 
Waters,  Oliver  G.,  223  5th  Ave..  Pittsburg,  Pa. 
Wells,  Allan,  213  S.  St.  Clair  St.,  Pittsburg,  Pa. 

CHANGES  OP  ADDRESS. 

Adgate,  Matthew,  care  General  Chem.  Co.,  Syracuse 
Works,  Syr^use,  N.  Y. 

Anderson,  Duncan,  Jr.,  104  8th  St.,  Roanoke,  Va. 

Behr,  Amo,  Arlington  Court,  Pasadena,  Cal. 

Burwell,  A.  W.,  208  Superior  St.,  Cleveland,  Ohio. 

Cairns,  Fred.  I.,  Anaconda,  Mont. 

Davis,  Wm.  Walley,  care  Va.  Iron,  Coal  and  Coke  Co., 
Bristol,  Va.-Tenn. 

Enequist,  John,  556  Greene  Ave.,  Brooklyn,  N.  Y. 

Escher,  Paul,   care  Acker  Process  Co.,  Niagara  Palls,  N.  Y. 

Field,  Chas.,  3d,  1747  Lawrence  St.,  Denver,  Col. 

Fischer,  Robert,  208  Stewart  Ave.,  Ithaca,  N.  Y. 

Fleck,  Herman,  Belleville,  N.  J. 

Foster,  John,  Sheffield,  Ala. 

Given,  Arthur,  i  Plympton  St.,  Worcester,  Mass. 

Hartman,  Wm.  E.,  Kalamazoo  Gas  Works,  Spring  and 
Pitcher  Sts.,  Kalamazoo,  Mich. 

Kelley,  John  H.,  care  Tenn.  Phosphate  Co.,  Ridley, 
Maury  Co.,  Tenn. 

Kelly,  F.  G.,  Chapel  Hill,  N.  C. 

Lorenz,  H.  W.  F..  Univ.  of  Pa.,  Philadelphia,  Pa.  % 

Ludlow,  Gabriel,  Box  344,  Wilmington,  N.  C. 

Miller,  F.  W.,  Talladega,  Ala. 

Miller,  Hugh  L.,  24  Broad  St.,  Charleston,  S.  C. 

du  Pont,  P.  S.,  The  Johnson  Co.,  Lorain,  Ohio. 

Schoen,  Joseph,  care  Standard  Syrup  Ref.  Co.,  12  S.  Com- 
mercial St.,  St.  Louis,  Mo. 

Simons,  Frank  D.,  **  The  Montrose  Flats,"  11 15  9th  St., 
Washington,  D.  C. 

Small,  Fritz  H.,  care  Graton  &  Knight  Mfg.  Co.,  Worcester, 
Mass. 

Smith,  Frederic  J.,  Box  46,  Elizabeth,  N.  J. 

Thorburn,  A.  D.,  Room  200,  100  State  St.,  Chicago,  111. 

Twitchell,  E.,  Wyoming,  Ohio. 

ADDRESS  WANTED. 

Wolff,  Frank  A.,  Jr.,  formerly  Columbia  Univ.,  N.  Y.  City. 
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MEETINGS  OF  THE  SECTIONS. 

CINCINNATI  SECTION. 

The  72nd  regular  meeting  was  held  on  Friday,  December  29, 
1899,  in  the  Auditorium  of  Hanna  Hall,  University  of  Cincin- 
nati, with  about  150  persons  in  attendance. 

Dr.  Alfred  Springer  presented  the  subject :  **  A  Trip  through 
the  Yellowstone  Park*'  beautifully  illustrated  by  a  great  number 
of  photographic  lantern-slTde  views. 

The  mefeting  was  then  resumed  in  the  Chemical  Lecture 
Room,  with  26  members  present,  and  President  Simonson  in  the 
chair.  Dr.  Thomas  Evans  made  a  preliminary  report  on  ricinine. 
Afjer  the  reading  of  the  reports  of  oflScers  for  the  past  year,  the 
election  of  officers  for  1900  was  held,  resulting  in  the  following 
ticket : 

President,  Thomas  Evans;  Vice-presidents^  Hannah  L.  Wess- 
ling,  Raymond  M.  Hughes;  Secretary^  Frank  I.  Shepherd; 
Treasurer y  Henry  B.  Foote;  Executive  Committee,  B.  M.  Pil- 
hashy,  Otto  Dieckmsinn,  Fred.  Homburg  ;  Representative  in  the 
Cauncily  Alfred  Springer  (elected#at  the  November  meeting). 

The  following  chairmen  of  standing  committees  were 
elected : 

On  Papers  and  Publications,  Frank  I.  Shepherd ;  T.  H.  Norton 
and  E.  Twitchell,  associate  members;  On  Didactic,  Physical, 
and  Inorganic  Chemistry,  T.  H.  Norton  ;  On  Organic  Chemistry^ 
Thomas  Evans  ;  On  Analytical  Chemistry,  Wm.  Simonson ;  On 
Medical,  Physiological,  and  Biological  Chemistry,  Wm.  H.  Crane; 
On  Technical  and  Pharmaceutical  Chemistry ,  J.  Everhard  Weber. 

Upon  motion,  the  meeting  adjourned. 

S,  Waldbott,  Secretary, 
PHILADKI^PHIA  SECTION. 

The  meeting  was  called  to  order  in  the  Harrison  Laboratory, 
University  of  Pennsylvania,  December  21,  1899,  at  8.20  p.m., 
by  the  presiding  officer,  35  members  and  visitors  being  present. 

Prof.  George  F.  Barker  presented  the  paper  of  the  evening 
**  Some  Recent  Progress  in  Physics.*'  He  called  attention  to 
the  method  employed  to  measure  the  wave-lengths  of  some 
extremely  high-pitched  notes. 

He  also  showed  the  spectrum  of  the  new  gas  neon  which  was 
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prepared  by  Prof.  Dewar  and  samples  of  the  newly  discovered 
substance  radium  which  emits  rays  similar  to  the  X-rays. 
The  meeting  adjourned  at  9.50  p.m.  p.  b.  dodge, sardan. 

WASHINGTON    SECTION. 

The  regular  meeting  was  held  on  December  14,  1899. 

The  first  paper  of  the  evening  was  read  by  Dr.  W.  D.  Bigdow 
and  was  entitled  "  Determination  of  Metals  in  Canned  Goods," 
by  W.  D.  Bigelow  and  Ir.  S.  Munson. 

After  an  examination  of  a  number  of  the  methods  most  com- 
monly employed  the  authors  gave  preference  to  a  modification 
of  Allen's  method. 

The  entire  contents  of  the  can  are  thoroughly  mixed,  and  75 

to  100  grams  taken  for  analysis.     Often  it  is  found  preferable  to 

dry  the  entire  sample,  extract  with  petroleum  ether,  again  dry 

and  grind,  to  obtain  a  permanent  sample.     In  this  case  only  25 

^rams  are  employed  in  the  determination  of  metals. 

In  either  case  the  sample  taken  is  treated  with  4  cc.  of  strong 
sulphuric  acid,  2  cc.  of  nitric  acid,  and  3  grams  of  magnesia. 
The  whole  is  heated  on  a  wate>-bath  until  it  becomes  pasty.  It 
is  then  ignited  over  a  Bunsen  burner  or  in  a  muffle-furnace 
until  thoroughly  charred,  ground  in  a  mortar,  again  ignited  to 
complete  combustion,  nitric  acid  being  added  from  time 
to  time  towards  the  close  of  the  operation.  The  residue  is  then 
boiled  for  a  half  hour  in  about  40  cc.  of  dilute  hydrochloric  add 
(i  13),  almost  neutralized  with  sodium  hydroxide,  precipitated 
with  hydrogen  sulphide  and  filtered.  The  precipitate  is  dried 
and  thoroughly  mixed  with  i  gram  each  of  sodium  carbonate, 
potassium  carbonate  and  sulphur,  fused  for  one-half  hour  in  a 
covered  porcelain  crucible,  digested  in  water  and  filtered. 

The  insoluble  portion  contains  copper  and  lead.  It  is  dis- 
solved in  nitric  acid,  and  divided  into  two  equal  portions,  in  one 
of  which  the  lead  is  precipitated  as  chromate  and  in  the  other 
copper  is  determined  by  titration  with  potassium  cyanide.  The 
filtrate  from  the  fused  sulphides  is  acidified  with  acetic  add, 
filtered  and  the  precipitate  thoroi%hly  washed  and  transferred 
together  with  the  filter-paper  to  a  solution  of  ferric  chloride, 
which  is  heated  to  the  boiling-point  and  titrated  with  potassium 
bichromate.     Zinc  is  precipitated  as  sulphide  in  the  filtrate  from 
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tbe  original  sulphide  precipitate,  after  adding  acetic  acid  and 
neutralizing  the  mineral  acid  with  sodium  hydroxide. 

The  second  paper  of  the  evening  was  read  by  Dr.  Fireman, 
and  was  entitled:  **  The  Action  of  Ammonium  Chloride  upon 
Tetra-  and  Pentachlorides' '  (preliminary  communication),  by  P, 
Fireman  and  E.  G.  Portner. 

The  last  paper  of  the  evening  was  read  by  Mr.  J.  D.  Tinsley 
and  was  entitled:  '*  On  the  Estimation  of  the  Water-soluble 
Constituents  of  Soils,*'  by  J.  D.  Tinsley  and  F.  K.  Cameron. 

Dr.  Seaman  spoke  on  the  size  of  medicine  droppers  found  in 
the  market.  He  had  found  them  very  variable,  giving  drops  of 
different  sizes.  He  showed  that  the  size  of  the  drop  depends  on 
tbe  external  diameter  of  the  orifice  and  not  on  the  thickness  of 
the  walls. 


The  regular  meeting  was  held  on  January  ii,  1900.  The 
following  officers  were  elected  for  the  ensuing  year :  President^ 
Dr.  H.  C.  Bolton ;  Vice-presidents,  Mr.  V.  K.  Chesnut  and  Dr. 
Peter  Fireman ;  Secretary,  Mr.  William  H.  Krug ;  Treasurer^ 
Mr.  W.  P.  Cutter;  Executive  Committee',  The  above  officers 
and  Messrs.  Wirt  Tassin,  E.  E.  Ewell,  H.  N.  Stokes,  F.  K. 
Cameron,  and  W.  F.  Hillebrand.  ^  „  ^        o     ^ 

w«*ux,«x^*^,  c»«^    »»  .  *  .  ^AXAAv,^x»uu.  William  H.  Kmuo, S^CTTtery. 

V 

NEW  YORK  SECTION. 

The  regular  meeting  of  the  New  York  Section  was  held  at  the 
Chemists*  Club,  108  West  55th  street,  on  Friday  evening, 
January  5th,  Dr.  C.  F.  McKenna,  presiding. 

Jn  addition  to  the  program  announced.  Prof.  George  F. 
Barker  was  the  unexpected  guest  of  the  section.  He  exhibited 
a  sample  of  *'  Radio-active  Substance  A";  also,  some  photo- 
graphs made  by  the  same  on  sensitized  plates,  which  had  been 
wrapped  in  three  thicknesses  of  orange-yellow  paper,  and  as 
many  thicknesses  of  black  paper  over  them.  Prof.  Barker  gave 
a  brief  historical  sketch  of  the  work  done  on  this  compound, 
bringing  the  subject  up  to  date.  The  rooto  was  darkened  to 
enable  the  audience  to  observe  the  feeble  luminosity  of  the  sub- 
stance. 
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The  regular  program  was  then  proceeded  with  and  the  follow- 
ing papers  were  read :  *  *  Laboratory  Method  for  the  Continaoos 
and  Uniform  Generation  of  Acetylene  and  its  Purification/*  by 
J.  A.  Mathews ;  *  *  Upon  the  Carbide  of  Gold, "  by  J.  A.  Mathews 
and  If,  L.  Watters;  **On  the  Reactions  of  Alkalies  with  the 
Cellulose  Nitrates/*  by  C.  W.  Volney;  exhibition  of  lantern 
slides  illustrating  *  *  Filters  for  Purifying  Public  Water  Supplies/* 
by  Allen  Hazen .  durand  woodicak.  secretary. 

LEHIGH  VALLEY  SECTION. 

A  regular  meeting  of  the  Lehigh  Valley  Section  was  held  at 
Kaston,  Pa.,  in  the  Chemical  Laboratory  of  Lafayette  College, 
on  Thursday  evening,  January  i8th.  Presiding  Officer  Richards 
was  in  the  chair  and  eighteen  members  and  invited  guests  were 
present.  The  following  papers  were  read  :  *'The  Action  of  the 
Weaker  Organic  Acids  on  Carbonates,"  by  Joseph  W.  Richards 
and  Norman  S.  Powell ;  read  by  Mr.  Powell.  **An  Abra- 
sion Test  for  Emery/*  by  Porter  W.  Shimer.  **Goldschmidt's 
New  Apparatus  for  Cutting  Crystal  Models,**  by  Joseph  W. 
Richards.  **A  Method  for  Determining  Zinc  by  the  Use  of 
Standard  Thiosulphate  Solution,**  by  Richard  K.  Meade. 

Richard  K.  Mbadb,  SecnUuy. 


Issued  with  March  Number,  1900. 

Proceedings. 

COUNCIL. 

In  view  of  the  U.  S.  Treasury  decision  21 170  relative  to  frep 
importation  of  philosophical  apparatus  and  preparations,  which 
is  likely  to  a£Eect  seriously  the  work  of  educational  institutions 
and  the  laboratories  of  research,  the  council  has  voted  that  the 
president  of  the  Society  be  authorized  and  directed  to  appoint  a 
committee  consisting  of  fifteen  members  of  the  Society,  who  shall 
be  instructed  to  consider  the  present  status  of  the  laws  and 
reg^ulations  governing  the  free  importation  of  instruments, 
apparatus,  and  materials  used  in  research  work,  and  to  take  such 
action  in  the  premises  in  the  direction  of  securing  such  new 
leg^islation  or  modifications  of  existing  laws  and  regulations  as 
they  may  find  necessary  to  the  interests  of  the  educational  and 
research  institutions. 

The  council  has  also  voted  that  the  president  be  authorized 
to  appoint  from  the  membership  five  persons  to  represent  the 
Society  in  the  Fourth  Congress  of  Applied  Chemistry,  and  that 
the  sum  of  one  hundred  francs,  or  the  equivalent  thereof,  be  and 
is  hereby  appropriated  for  a  subscription  from  the  Society  to  the 
expenses  of  the  said  congress. 

The  following  named  persons  have  been  elected  by  the  council 
to  the  offices  mentioned : 

Charles  P.  McKenna,  counoilor  for  term  expiring  December, 
1901. 

Ernest  B.  Smith,  director  for  term  expiring  December,  1901. 

John  A.  Mathews,  member  of  Finance  Committee . 

NAMBS  PROPOSED   FOR   MEMBERSHIP. 

Carveth,  Hector  R.,  Chem.  Lab.,  Cornell  Univ.,  Ithaca,  N.  Y, 
Crattyv  John  M.,  Chem.  Lab.,  Navy  Yard,  Norfolk,  Va. 
Davies,  Charles  T.,  141 2  Perkiomen  Ave.,  Reading,  Pa. 
Dunn,  Willis  A.,  736  Fifth  Ave.,  Helena,  Mont. 
Griffith,  Herbert  E.,  Galesburg,  111. 
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Hooker,  Samuel  C,  Spreckels  Sugar  Ref.,  Philadelphia,  Pa. 
McFarland,  Wm.  S.,  Barrett  Mfg.  Co.,  Philadelphia.  Pa, 
Mork,  Harry  S.,  21  Wabeno  St.,  Roxbury,  Mass. 
Norris,  Robert  S.,  Santa  Maria,  Cal. 

Rosentwist,   Birger  G.  A.,   Fessenden   St.,   Jamaica  Plain, 
Boston,  Mass. 

Ross,  Herbert  W.,  1070  i6th  St.,  Oakland,  Cal. 

Smith,  Fred  D.,  Missoula,  Mont. 

Starz,  Emil,  204  N.  Rodney  St.,  Helena,  Mont. 

Syme,  W.  A.,  Raleigh,  N.  C. 

Taylor,  H.  W.,  Lab.  Tenn.  Cotton  Oil  Co.,  Memphis,  Tcnn. 

Whittier,  Charles  T..  Provident  Chem.  Wks.,  St.  Louis.  Mo. 

NAMES  PROPOSED   FOR  ASSOCIATE   MEMBERSHIP. 

Burke,  Edmund,  Bozeman,  Mont. 

Clark,  Clara,  Bozeman,  Mont. 

Cockrill,  Irwin,  Bozeman,  Mont. 

Draper,  Charles  W.,  Bozeman,  Mont. 

Evans,  James  A.,  no  N.  Thayer  St.,  Ann  Arbor,  Mich. 

Lamme,  Maurice,  Bozeman,  Mont. 

Reese,  Herbert  J.,  Bozeman,  Mont. 

Spragg,  Frank  A.,  Bozeman,  Mont. 

Wood,  Jas.  Leslie,  Jr.,  Bozeman,  Mont. 

CHANGES   OP   ADDRESS. 

Adams,  Isaac,  1776  Massachusetts  Ave.,  N.  Cambridge,  Mass. 

Austin,  N.  M.,  1236  Pennsylvania  Ave.,  Allegheny,  Pa. 

Bassett,  W.  H.,  N.  J.  Zinc  Co.,  Newark,  N.  J. 

Baxter,  Wm.  T.,  254  New  York  St.,  Aurora,  111. 

Beck,  Oscar  C,  305  S.  40th  St.,  Philadelphia,  Pa. 

Becker,  J.  B.,  1104  Douglass  St.,  Sioux  City,  Iowa. 

Clarke,  Thomas,  Birmingham,  Ala. 

Couch,  Guy  E.,  631  E.  Front  St.,  Cincinnati,  Ohio. 

Crane,  Frederic,  28  Hillside  Ave.,  Montclair,  N.  J. 

Gabriel,  Geo.  A.,  Box  390,  Cumberland  Mills,  Me. 

Hall,  C.  A.,  3220  Powelton  Ave*.,  Philadelphia,  Pa. 

Harding,  E.  P.,  22  Landhaus  Strasse,  Heidelberg,  Germany. 

Henderson,  W.  E.,  Ohio  State  Univ.,  Columbus,  Ohio. 

Johnson,  E.  S.,  315  Highland  Ave.,  Syracuse,  N.  Y. 

Keller,  Edward,  P.  O.  Box  724,  Baltimore,  Md. 

Kelly,  F.  G.,  care  Tenn.  C.  I.  &  R.  Co.,  Birmingham,  Ala. 

Lyng,  M.  H.,  Republic,  Wash. 

Mason,  Francis  P.,  214  Monadnock  Bldg.,  Chicago,  111. 

Miller,  F.  W.,  Talladega,  Ala. 

McBryde,  J.  B.,  Blacksburg,  Va. 

Perkins,  Albert  S.,  75  Milton  Ave.,  Hyde  Park,  Mass. 
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Peyton,  Wm.  C,  Peyton  Chem.  Wks.,  Muttial  Life  Bldg., 
San  Francisco,  Cal. 

Reese,  Chas.  L.,  N.  J.  Zinc  Co.,  Newark,  N.  J. 

Seidensticker,  L.  J.,  178  Thornton  St.,  Boston,  Mass. 

Shilstone,  Herbert  M.,  166  St.  James  Place,  Brooklyn,  N.  Y. 

Smolt,  F.  O.,  23  N.  Tejou  St.,  Colorado  Springs,  Col. 

Sy,  Albert  P.,  24  High  §t.,  Buffalo,  N.  Y. 

Thomas,  W.  H.,  care  Colonial  Bleaching  &  Printing  Co.,  St. 
Henry,  Montreal,  Can. 

Torrey,  Chas.  A.,  Jr.,  1015  S.  48th  St.,  Philadelphia,  Pa. 

Wolff,  Frank  A.,  Jr.,  Columbian  Univ.,  Washington,  D.  C. 

Worstall,  Robert  A.,  139  Kennard  St.,  Cleveland,  Ohio. 

ADDRESSES  WANTED. 

Hartman,  Wm.  E.,  843  Lafayette  Ave.,  Detroit,  Mich. 
Wood,  J.  R.,  439-441  Green  St.,  Philadelphia,  Pa. 

CORRESPONDENCE. 

The  following  is  the  copy  of  a  letter  received  by  ex- President 

Morley  from  Dr.  J.  H.  van't  Hoff,  in  response  to  the  Society's 

cablegpram : 

Charlottenburg,  January  27,  1900. 
My  Dear  Colleague  : 

I  beg  you  to  express  my  feelings  of  thankfulness 
to  the  American  Chemical  Society,  which  gladdened  and  honored 
me  by  its  telegraphic  congratulations  on  my  jubilee.  At  the 
same  time  I  have  to  thank  you  and  the  secretary,  Mr.  Hale, 
more  especially,  the  congratulation  having  your  names.  With 
my  best  wishes  for  the  prosperity  of  your  Society,  I  am. 

Yours  truly, 

J.  H.  vAn't  Hoff. 

MEETINGS  OF  THE  SECTIONS. 

CINCINNATI   SECTION. 

The  seventy-third  regular  meeting  of  the  Cincinnati  Section 
was  held  in  the  Chemical  Lecture  Room  of  Hanna  Hall,  Univer- 
sity of  Cincinnati,  on  Monday  evening,  January  15,  1900.  Presi- 
dent Evans  occupied  the  chair.  Twenty-five  members  were 
present. 

Dr.  Otto  Dieckmann  read  a  paper  on  ''Researches  on  Methyl- 
benzimid-azole,'*  which  was  a  report  on  some  of  the  author's 
work  done  under  the  direction  of  Prof.  Zincke,  at  Marbuig. 
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By  special  request  Dr.  Evans  gave  an  extended  r&um6  of  the 
contents  of  his  paper  on  **  Ricinine"  read  by  title  at  the  Decem- 
ber meeting.  Prakk  I.  Sbbphskd.  SearOary. 

NORTH   EASTERN  SECTION. 

The  regular  monthly  meeting  of  the  section  was  held  on 
Thursday  evening,  January  i8th,  Pre^dent  Wttle  calling  the 
meeting  to  order,  with  63  members  present. 

After  the  transaction  of  business,  Mr.  Henry  Howard  presented 
a  paper  on  *'  The  Manufacture  of  Aluminum  Sulphate  by  the 
Bayer  Process,"  sketching  the  history  of  the  alumina  industry 
and  explaining  the  theory  and  practice  of  the  new  method  of 
manufacture. 

A  paper  on  **  The  Canned  Foods  Industry"  by  Mr.  W.  L. 
Underwood  followed,  in  which  was  given  the  development  of  the 
business  since  its  foundation  in  1819,  the  difficulties  which  have 
been  met,  and  how  they  have  been  overcome.  In  connection 
with  this  subject  Mr.  S.  C.  Prescott  presented  a  paper  on  **  The 
Preservation  of  Foods."  This  paper  was  illustrated  by  draw- 
ings and  photographs  of  the  micro-organisms  which  are  found 
on,  and  in  vegetables  and  other  foods,  and  the  author  explained 
the  methods  by  which  these  are  destroyed.  After  examining 
the  samples  with  which  all  the  papers  were  illustrated,  the 
meeting  adjourned. 


The  February  meeting  was  held  on  Friday  evening  February 
1 6th,  at  the  Hotel  Oxford,  Vice-president  Klihu  Thomson  in  the 
chair  and  60  members  present. 

The  first  paper  of  the  evening  was  presented  by  Mr.  Thomson 
on  **  The  Properties  of  Carbon  in  Their  Relation  to  Electrical 
Work."  The  author  discussed  the  peculiar  properties  of  car- 
bon on  which  the  development  of  applied  electricity  has  so  largdy 
depended,  calling  special  attention  to  those  properties  requisite 
for  the  terminals  of  arc  lights,  for  incandescent  light  filaments, 
telephone  transmitters  and  generating  machine  brushes. 

The  next  paper  was  by  Dr.  F.  H.  Thorp  on  "  The  Potash 
Industry  as  seen  at  Stassfurt."  After  describing  the  position 
and  composition  of  the  different  strata  of  the  Stassfurt  deposit, 
the  author  explained  the  method  of  mining  and  preparing  for 
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market  the  different  potash  salts  which  are  of  commercial  impor- 
tance. 

The  section  considered  the  resolutions  which  have  been  drawn 
up  by  the  Committee  on  Instruments  of  Measure  relating  to  the 
establishment  of  a  National  Standards  Bureau,  and  on  motion  of 
Dr.  H.  P.  Talbot  the  following  resolution  was  adopted. 

Resolved,  That  the  members  of  the  Northeastern  Section  of  the 
American  Chemical  Society  heartily  endorse  the  proposed  move- 
ment to  secure  the  establishment  of  a  National  Standards  Bureau 
for  the  verification  of  chemical  apparatus,  in  connection  with 
the  United  States  Office  of  Weights  and  Measures;  and  that  they 
desire  to  record  as  their  opinion  that  such  a  bureau  is  urgently 
demanded  in  the  interests  of  pure  and  applied  chemistry  in  the 
United  States. 

At  lo.io  the  meeting  adjourned. 

W.  H.  Walkbr,  Secretary. 
NORTH   CAROLINA  SECTION. 

The  fourth  annual  meeting  of  the  North  Carolina  Section  was 
called  to  order  in  the  office  of  the  State  Chemist,  Raleigh,  at 
noon,  February  24,  1900,  by  the  presiding  officer,  Dr.  Charles 
Baskerville.     Sixteen  members  and  invited  guests  were  present. 

After  the  reports  of  the  different  committees  the  following  was 

introduced  and  carried  : 

Resolved,  That  it  is  the  sense  of  the  North  Carolina  Section 
that  Article  X,  Sec.  i,  of  the  Constitution  of  the  American  Chem- 
ical Society  be  so  amended  that  when  the  local  membership  of  a 
section  is  below  50  that  section  shall  be  entitled  to  draw  annu- 
ally an  amount  equivalent  to  one-third  of  the  aggregate  dues 
paid  to  the  Society  by  its  members.  If  the  membership  shall 
exceed  50  and  be  less  than  200  the  section  shall  be  entitled  to 
draw  one-fourth  ;  and  if  it  shall  reach  a  total  of  200  the  section 
shall  be  entitled  to  draw  one-fifth. 

A  committee  consisting  of  F.  P.  Venable,  B.  W.  Kilgore,  and 
W.  A.  Withers  were  appointed  with  carte-blanche  to  draft  and 
forward  resolutions  to  Congress  in  relation  to  the  establishment 
and  maintenance  in  connection  with  the  Bureau  of  Weights  and 
Measures,  a  department  to  graduate  and  verify  weights  and  volu- 
metric apparatus. 
The  following  papers  were- read  and  discussed  : 
**  Temperature  for  the  Graduation  of  Volumetric  Apparatus 
for  Southern  Laboratories,**  by  B.  W.  Kilgore  ;  **  On  the  Qual- 
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itative  Determination  of  Tin;  Arsenic  and  Antimony,"  by  Cliarles 
Baskerville  ;  ** Radio- active  Bodies."  by  F.  P.  Venable;  "Com- 
position of  Commercial  Chromium  Sulphate,"  by  F.  P.  Venable; 
**  Variable  Ammonia  Results  in  Mixed  Fertilizers  Containing 
Either  Fish  Scrap,  Blood,  Tankage,  or  Nitrate  of  Soda,"  by  C. 
B.  Williams  ;  **  Chemical  Economics,"  by  Charles  Baskerville. 

OflBcers  elected  for  the  ensuing  year  are  : 

President^  B.  W.  Kilgore  ;  Vice-president,  W.  J.  Martin,  Jr.; 
Secretary  and  Treasurer,  C.  B.  Williams ;  Representative  in 
Council  for  1901,  Charles  Baskerville  ;  Executive  Committee,  B. 
W.  Kilgore,  W.  J.  Martin,  Jr.,  and  C.  B.  Williams. 

There  being  no  further  business  the  section  adjourned. 

C.  B.  Williams.  SeanUaj. 
PHII^ADELPHIA  SECTION. 

The  seventh  meeting  was  called  to  order  in  the  Harrison  Lab- 
oratory, University  of  Penna.,  January  18,  1900,  at  8.20  p.m., 
13  members  being  present.  The  presiding  ofl&cer  being  absent 
Dr.  Mathews  was  elected  chairman  for  the  evening.  The  min- 
utes of  the  last  meeting  were  read  and  approved. 

The  recommendation  of  the  Finance  Committee  of  the  American 
Chemical  Society,  in  relation  to  the  distribution  of  dues  for  the  ben- 
efit of  the  local  sections,  was  read  and  discussed  by  Messrs.  Shinn, 
Mathews,  Kebler,  and  others.  It  was  moved  and  seconded  that 
the  recommendation  of  the  Finance  Committee  be  accepted. 
Carried. 

The  following  papers  were  presented  : 

**  A  Study  in  lodination"  by  J.  F.  X.  Harold,  in  which  he 
called  attention  to  the  fact  that  it  appeared  that  nobody  had 
studied  the  reaction  resulting  from  the  action  of  hydrogen  sul- 
phide on  iodine  in  the  presence  of  alcohols,  such  as  methyl  alco- 
hol, ethyl  alcohol,  etc.  He  showed  that  in  the  presence  of  an 
excess  of  iodine,  the  nascent  hydriodic  acid  formed,  attacked 
the  alcohols  forming  iodides  of  the  alcohol  radical. 

Lyman  F.  Kebler  called  attention  to  some  of  the  exceedingly 
stringent  requirements  of  the  U.  S.  Pharmacopoeia,  such  as  100 
per  cent,  purity,  the  absolute  exclusion  of  chlorides  and  sul- 
phates in  such  products  as  sodium  benzoate,  lithium  carbonate, 
potassium  h3rpophosphite,  etc.     He  thought  it  very  desirable  to 
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have  high  standards,  but  they  should  not  be  beyond  a  point 
reasonably  attainable.  Many  inconsistencies  were  pointed  out 
in  the  1890  edition.  He  also  discussed  at  some  length,  why  the 
American  Chemical  Society  should  be  represented  by  several 
deleg^ates  at  the  Decennial  Pharmacopoeial  Convention.  This 
may  not  be  feasible  for  the  convention  that  convenes  next 
May ,  but  in  view  of  the  fact  that  several  of  the  states  have  already 
passed  Food  and  Drug  Adulteration  Laws»  making  the  U.  S.  P. 
standard  in  cases  under  these  laws,  it  seems  eminently  desirable 
that  the  American  Chemical  Society  should  have  representatives 
on  the  1900  U.  S.  Pharmacopoeial  Revision  Committee. 
The  meeting  adjourned  at  9.45  p.m. 

p.  H.  DODOB,  Secretary, 
CGIrUMBUS  SECTION. 

The  Columbus  Section  has  held  its  regular  monthly  meetings, 
the  following  papers  having  been  presented  during  the  present 
collegiate  year. 

'*  Reminiscences  of  Bunsen,**  by  S.  A.  Norton;  **  Cyclic 
Methylene  Compounds,"  by  C.  C.  Howard  ;  **  A  Discussion  of 
Werner's  Hypothesis/*  by  Wm.  E.  Henderson  ;  **  The  Action 
of  a-Acylphenylhydrazineson  Chlorquinones,"  by  Wm.  McPher- 
son  ;  **  The  Detection  of  Blood,*'  by  A.  M.  Bleile  ;  *'  The  Mid- 
winter Meeting  of  the  American  Chemical  Society,"  by  Wm. 
McPherson. 

The  following  ofiBcers  have  been  elected  for  the  year : 

President,  H.  A.  Weber ;  Secretary,  Wm.  McPherson ;  Treas- 
urer, W.  E.  Henderson;  Committee  on  Membership,  G.  B.  Kauff- 
man,  A.  M.  Bleile  ;  Member  of  Council,  Wm.  McPherson. 

William  McPhbrson,  Secretary. 
NEW  YORK   SECTION. 

The  regular  meeting  of  the  New  York  Section  was  held  in  the 
assembly  room  of  the  Chemists'  Club,  108  West  55th  Street,  on 
Friday  evening,  February  9th,  at  8.30  p.m.,  Dr.  C.  F.McKenna 
presiding.     There  were  about  50  members  present. 

Resolutions  relative  to  a  National  Standards  Bureau,  forwarded 
by  the  chairman  of  the  Committee  on  Standards  of  Instruments 
of  Measure  of  the  American  Chemical  Society,  were  read  and,  on 
motion,  approved. 
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The  following  papers  were  then  read  :  '*  The  Technical  Anal- 
ysis of  Rope  and  Twine,"  by  Durand  Woodman  ;  ''A  NewSyii. 
thesis  in  the  Phen-miazin  Series/'  by  M.  T.  Bogert  and  August 
Gotthelf;  "On  the  History  of  Photo-chemical  Improvements, 
with  Experiments,"  by  Maximilian  Toch. 

A  motion  was  made  and  seconded  empowering  the  chair  to  ap- 
point a  committee  to  arrange  for  a  meeting  to  be  devoted  to 
**  Laboratory  Apparatus  and  Products." 

The  meeting  adjourned  to  meet  March  9th. 

DuRAKD  WooDMAK,  Secrrtawy. 


iMttcd  with  April  Number,  1900. 

Proceedings. 

The  twenty-first  general  meeting  of  the  American  Chemical 
Society  will  be  held  in  New  York  City,  Monday  and  Tuesday, 
June  25  and  26,  1900.  Members  desiring  to  present  papers  are 
urged  to  send  titles  and  abstracts  as  soon  as  possible  to  the 
secretary,  Albert  C.  Hale,  551  Putnam  Ave.,  Brooklyn,  N.  Y, 

COUNCIL. 

The  amendments  to  the  by-laws  offered  by  Dr.  Hillebrand 
were  not  adopted,  a  majority  of  the  council  voting  against  them. 

NAMES  PROPOSED   FOR   MEMBERSHIP. 

Berkeley,  Wm.  N.,  San  Juan,  Puerto  Rico. 

Bertelli,  Riccardo,  20  W.  i6th  St.,  N.  Y.  City. 

Blake,  Lucien  I.,  Univ.  of  Kas.,  Lawrence,  Kas. 

Colley,  Bernard  T.,  care  C.  K.  C.  S.  &  R.  Co.,  Argentine.  Kas. 

Davis,  Charles  B.,  518  Manhattan  Ave.,  N.  Y.  City. 

Ebaugh,  W.  Clarence.,  3741  Lancaster  Ave.,  Philadelphia,  Pa. 

Ginder,  W.  H.  H.,  Vandergrift,  Pa. 

Hatchett,  Roger  H.,  Argentine,  Kas. 

Hill,  Edwin  A.,  Patent  Office,  Washington,  D.  C. 

Hofmann,  Ottokar,  Argentine,  Kas. 

Irwin,  Edward  B.,  714  W.  nth  St.,  Kansas  City,  Mo. 

Jessup,  A.  E.,  Office  of  Supervising  Architect,  Treasury 
Dept.,  Washington,  D.  C. 

Johnson,  Flowmoy  C,  714  Union  St.,  New  Orleans,  La. 

Koelle,  Carl,  Argentine,  Kas. 

Moechel,  Jean  Robert,  710  Wyandotte  St.,  Kansas  City,  Mo. 

Neilson,  Thomas,  Tucson,  Ariz. 

Neish,  Arthur  C,  Columbia  Univ.,  N.  Y.  City. 

Peters,  Fred  us  N.,  Central  High  School,  Kansas  City,  Mo. 

Rudinck,  Paul  F.  A.,  3701  S.  Lincoln  St.,  Chicago,  111. 

Sloane,  T.  O.  Coner,  39  Wall  St.,  N.  Y.  City. 

Smither,  F.  W.,  36  Cole  Bldg..  Nashville,  Tenn. 

Torrey,  Henry  A.,  75  S.  Prospect  St.,  Burlington,  Vt. 

Whipple,  Geo.  C,  Flatbush  Ave.  &  Eastern  Parkway,  Brook- 
lyn, N.  Y. 

Whitten,  W.  H.,  Jr.,  Westport  High  School,  Kansas  City,  Mo. 

Zeizler,  John  Clayton,  Torpedo  Station,  Newport,  R.  I. 

NAMES  PROPOSED  FOR  ASSOCIATE  MEMBERSHIP. 

Harriman,  Norman  F.,  Ann  Arbor,  Mich. 
Wellard,  H.  H.,  520  E.  Ann  St.,  Ann  Arbor,  Mich. 
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NBW  MEMBERS  ELECTED   MARCH  9,  19OO. 

Armsby,  Prof.  H.  P.,  State  College,  Pa.  • 
Arnott,  Geo.  W.  Campbell,  27  William  St.,  N.  Y.  City. 
Bach,  August,  537  Nelson  St.,  Chicago,  111. 
BuUard,  Prank  D.,  245  Bradbury  Block,  Los  Angeles,  Cal. 
Cuadrado,  Gaston  A.,  Calle  de  la  Habana,  1 12,  Habana,  Cuba. 
Douglas,  William,   Plantation  Diamond,   Demerara,    British 
Guiana. 

Gardunio,  Jesur,  Aguascalientes,  Mexico. 

Goodell,  Geo.  A.,  284  St.  Nicholas  Ave.,  N.  Y.  City. 

Hamlin,  Addison,  25  5th  St.,  Bangor,  Me. 

Herger,  Charles  G.,  11  Putnam  St.,  Bu£Falo,  N.  Y. 

Hulett,  George  A.,  706  S.  Thayer  St.,  Ann  Arbor,  Mich. 

Lihme,  C.  B.,  care  of  111.  Zinc  Co.,  Peru,  111. 

Mills,  James  E.,  Chapel  Hill,  N.  C. 

Mork,  Harry  S.,  21  Wabeno  St.,  Roxbury,  Mass. 

Norris,  Robert  S.,  Santa  Maria,  Cal. 

Remington,  Joseph  P.,  1832  Pine  St.,  Philadelphia. 

Richards,  Joseph,  1802  Catherine  St.,  Philadelphia. 

Richardson,  Wm.  D.,  4803  Madison  Ave.,  Chicago,  III. 

Ross,  Herbert  W.,  1070  i6th  St.,  Oakland,  Cal. 

Syme,  W.  A.,  Raleigh,  N.  C. 

Thorne,  Ernest  E.  H.,  Bridgetown,  Barbadoes,  B.  W.  I. 

Thurlow,  Nathaniel,  55  New  St.,  Newark,  N.  J. 

Weld,  Fred  C,  Littleton,  Mass. 

Wolf,  Ernst,  214  E.  82nd  St.,  N.  Y.  City. 

Wolfe,  J.  v.,  Jr.,  Rochester,  Mich. 

ASSOCIATES  ELECTED  MARCH  9,  190O. 

Bates,  Hugh  H.,  502  E.  3rd  St.,  Cincinnati,  O. 
Berghausen,  Oscar,  644  Crown  St.,  Walnut  Hills,  Cincinnati,  0. 
Block,  Jesse  A.,  Polytechnic  Institute,  Worcester,  Mass. 

CHANGES  OF  ADDRESS. 

Affelder,  Oscar  I.,  care  Pittsburg  Gas  &  Coke  Co.,  Otto,  Pa. 
Best,  Otto,  16  Mastic  Terrace,  Alameda,  Cal. 
Busby,  Fred  E.,  Mass.  Inst.  Tech.,  Boston,  Mass. 
Chamberlin,  W.  E.,  127  Pearl  St.,  N.  Y.  City. 
Couch,  Guy  E.,  Hartwell,  Hamilton  Co.,  Ohio. 
Dodge,  F.  E.,  care  Barrett  Mfg.  Co.,  Tucker  &  Bermuda  Sts., 
Frankford,  Pa. 

Hanks,  A.  Abbott,  531  California  St.,  San  Francisco,  Cal. 
Hartman,  Wm.  E.,  Kalamazoo  Gas  Co.,  Kalamazoo,  Mich. 
Hough,  George  J.,  2235  Sheridan  Rd.,  Evanston,  111. 
Jones,  A.  B.,  Lock  Box  741,  Pittsburg,  Pa. 
Kelley,  J.  H.,  315  N.  Vine  St.,  Nashville,  Tenn. 
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Irichtenstein,  A.  F.,  67  Elmwood  Ave.,  N.  Adams,  Mass. 

Martin,  M.  A.,  U.  S.  Mint,  San  Francisco,  Cal. 

Parmelee,  C.  W.,  care  N.  Y.  &  Boston  Dyewood  Co.,  55  Beek- 
man  St.,  N.  Y.  City. 

Richardson.   Clifford,  N.  Y.  Testing  Lab.,  L.  I.  City,  N.  Y. 
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MEETINGS  OP  THE  SECTIONS. 

I 

PHII,ADEI*PHIA  SECTION. 

The  eighth  meeting  was  called  to  order  February  15th,  at  8.25 
P.M.  in  the  Harrison  Laboratory,  University  of  Pennsylvania, 
February  15th,  20  members  being  present,  the  presiding  oflScer 
was  in  the  chair.  The  minutes  of  the  last  meeting  were  read 
and  approved. 

A  letter  from  the  chairman  of  the  Committee  on  **  A  National 
Standardizing  Bureau'*  of  the  American  Chemical  Society,  was 
read  ;  also  a  set  of  resolutions,  which  after  some  discussion  were 
adopted  as  read. 

A  motion  was  made  that  the  section  meet  promptly  at  8  o'clock 
in  the  future.     Seconded  and  carried. 

Mr.  George  Auchy  presented  the  paper  of  the  evening  : 
**  Remarks  on  Some  Methods  of  Determining  Carbon  in  Steel." 
The  paper  was  discussed  by  Messrs.  Meeker,  MacFarland,  Sar- 
gent, Job,  and  Jayne. 

There  being  no  further  business  the  meeting  adjourned  at  10 

P'M.  F.  E.  Dodge,  Secretary. 

ORGANIZATION   OP   MICHIGAN   SECTION. 

The  first  meeting  of  the  Michigan  Section  of  the  American 
Chemical  Society  was  held  at  the  house  of  Professor  Prescott  in 
Ann  Arbor,  on  Friday,  February  28th,  at  four  in  the  afternoon. 
Of  the  42  members  of  the  section  in  the  State,  26  had  promised  to 
be  present,  but  the  heavy  snow  on  that  day  blocked  railroad 
traffic  to  such  an  extent  that  most  of  the  members  not  resident 
in  Ann  Arbor  who  attempted  to  come,  spent  the  day  in  trains' 
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stalled  in  snow-drifts.  The  meeting  was  called  to  order  by  Pro- 
fessor Prescott,  with  i6  members  of  the  section  present,  and  Dr. 
Wiley,  of  Washington,  as  an  invited  guest.  Professor  R.  C. 
Kedzie  of  the  Agricultural  College  was  elected  temporary  chair- 
man. Dr.  Prescott  gave  a  short  statement  of  the  movement  he 
had  started  leading  to  the  granting  of  a  charter  to  the  Michigan 
Section  with  territory  covering  the  state  of  Michigan,  and  head- 
quarters at  the  University  of  Michigan.  Dr.  Wiley  was  asked 
for  remarks  and  responded  with  his  congratulations  on  the  for- 
mation of  the  new  section,  and  an  account  of  the  methods  of  the 
Washington  Section.  The  by-laws  recommended  by  the  Commit- 
tee of  Arrangements  were  adopted  and  the  following  officers 
elected  for  the  year  1900 : 

Presidinij^  Officer,  Professor  A.  B.  Prescott,  Ann  Arbor;  Sec- 
retary  and  Treasurer,  Alfred  H.  White,  Ann  Arbor;  Member  of 
Council,  Professor  Paul  C.  Freer,  Ann  Arbor ;  Elective  Memhen 
of  Executive  Committee,  A.  F.  Shattuck,  Chemist  Solvay  Pro- 
cess Co.,  Detroit ;  F.  S.  Kedzie,  Professor,  Agricultural  College; 
J.  V.  Wolfe,  Jr.,  Chemist  Detroit  Sugar  Co.,  Rochester. 

At  the  close  of  the  business  meeting,  the  members  were  enter- 
tained at  dinner  by  Professor  Prescott,  and  later  listened  to  an 
illustrated  lecture  by  Professor  Freer  on  **  Liquid  Air.'*  Many 
of  the  members  also  attended  the  sessions  of  the  State  Fanners* 
Institute  on  the  following  day  when  Dr.  Wiley  and  others  spoke 
on  various  questions  pertaining  to  the  beet- sugar  industry. 

Alfred  H.  Whitb,  Serdan. 
CHICAGO    SECTION. 

Two  meetings  of  the  Chicago  Section  were  held  during  Feb- 
ruary at  the  Union  Restaurant,  1 1 1  Randolph  St. 

On  the  8th,  Mr.  D.  H.  Trowbridge  gave  a  very  interesting 
paper  on  the  **  Manufacture  and  Chemistry  of  Beet  Sugar.** 

On  the  28th,  Prof.  W.  O.  Atwater,  of  Wesleyan  University, 
who  was  the  guest  of  the  section  gave  an  informal  talk  on  the 
respiration  calorimeter  and  its  results. 

p.  B.  Daihs.  Seardarj. 
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Proceedings. 

BOARD  OF  DIRECTORS. 

A  meeting  of  the  Board  of  Directors  of  the  American  Chem- 
ical Society  was  held  at  the  Chemists'  Club,  108  W.  55th  St., 
New  York  City,  March  21,  1900.  There  were  present  Messrs. 
McMtirtrie,  Hale,  Hallock,  Doremus,  and  Smith. 

The  meeting,  was  called  to  order  by  President  McMurtrie  at 
8:20  P.M.  The  minutes  of  the  previous  meeting  were  approved, 
as  recorded  in  the  secretary's  book.  Upon  motion  of  Dr.  Dore- 
mus the  following  schedule  of  prices  for  the  Journal  was 
adopted,  and  all  previous  schedules  of  prices  inconsistent  there- 
with were  repealed. 

For  volumes  of  either  10  or  12  numbers: 

To  members.  To  non-members. 

Current  volume  fo.oo  $6.00 

**        numbers 0.50  0.60 

Back  volumes 3.00  6.00 

* '     numbers 0.30  0.60 

For  volumes  of  less  than  10  numbers: 

To  members.  To  non-members. 
Volumes {3.00  $6.00 

Numbers  at  proportionate  rates.  Discount  to  dealers,  15  per 
cent,  on  prices  to  non-members. 

The  librarian  was  directed  to  have  prepared  1000  copies  of  a 
circular  letter  setting  forth  the  above  prices. 

In  order  to  economize  space  in  the  library,  the  librarian  was 
authorized  to  prepare  for  binding  any  unbound  material  belong- 
ing to  the  library. 

He  was  also  authorized  to  exchange  or  sell,  at  his  discretion, 
any  duplicate  material ;  and  further,  to  publish  in  the  adverti- 
sing pages  of  the  Journal  a  list  of  the  numbers  missing  from  the 
files  in  the  library. 

The  treasurer  was  authorized  to  pay  the  note  of  the  Society 
which  falls  due  March  27. 
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The  board  then  adjourned  to  meet  in  the  same  place,  Friday. 
March  23,  at  3  p.m. 

An  adjourned  meeting  of  the  Board  of  Directors  of  the  Amer- 
ican Chemical  Soriety  was  held  at  the  Chemists'  Club,  108  W. 
55th  St.,  New  York,  March  23,  1900.  There  were  present  Messrs. 
McMurtrie,  Hale,  Hallock,  Dudley,  Doremus,  and  Smith. 

The  meeting  was  called  to  order  by  President  McMurtiie  at 
8:40  P.M.  The  minutes  of  the  meeting  held  March  21,  were 
read  and  approved. 

Upon  motion  of  Dr.  Doremus  the  schedule  of  prices  for  the 
Journal  adopted  at  the  last  meeting  was  reconsidered  and  was 
amended  so  as  to  read  as  follows: 

For  volumes  of  either  10  or  12  numbers : 

To  members.  To  non-members. 

Current  volume l5-op  $6.00 

**        numbers 0.50  0.60 

Back  volumes 4.00  6.00 

*'     numbers 0.40  0.60 

For  volumes  of  less  than  10  numbers : 

To  members.  To  non-members. 
Volumes f4-oo  $S.oo 

Numbers  at  proportionate  rates.  Discount  to  dealers,  15  per 
cent,  on  prices  to  non-members. 

It  was  voted  that  the  librarian  be  requested  to  furnish  to  the 
Board  of  Directors  a  survey  of  the  sets  of  the  Journal  now  the 
property  of  the  Society  that  the  same  may  be  scheduled  for  sale. 

The  following  preamble  and  resolutions  were  unanimously 
adopted : 

**  Whereas,  in  a  letter  to  the  secretary  of  the  Society,  dated 
February  6,  1900,  formal  notice  of  the  termination  of  the  contract 
for  printing  the  Journal  of  the  Society  was  given  by  the  Chemical 
Publishing  Company,  and 

Whereas,  the  Chemical  Publishing  Company,  in  a  letter  to 
the  secretary,  dated  February  20,  1900,  proposed  to  continue  for 
a  period  of  6  months,  from  May  to  October,  inclusive,  to  pub- 
lish the  Journal  in  consideration  of  a  bonus  of  ten  dollars  ($10) 
a  month  above  the  price  fixed  by  the  contract, 

Be  it  Resolved,  that  the  Board  of  Directors,  by  and  with  the 
consent  of  the  council,  hereby  accepts  the  notice  of  the  termina- 
tion of  the  contract,  and  agrees  to  pay  to  the  said  Chemical  Pub- 
lishing Company  the  bonus  often  dollars  ($10)  per  month  above 
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the  price  fixed  by  the  contract,  in  consideration  of  the  temporary 
continuation,  in  accordance  with  all  the  terms  of  the  said  con- 
tract of  the  publication  of  the  Journal  from  May  to  October  1900, 
inclusive. 

The  minutes  of  the  meeting  were  read  and  approved.  The 
board  then  adjourned. 

COUNCIL, 

The  following  report  and  recommendations  have  been  received 
from  the  Committee  on  Standards  for  Instruments  of  Measure, 
and  have  been  approved  by  the  council. 

January  10,  1900. 
To  the  Council  of  the  American  Chemical  Society. 

Gentlemen  :  We,  the  undersigned,  members  of  the  Com- 
mittee on  Standards  for  Instruments  of  Measure  of  the  American 
Chemical  Society,  have  considered  the  resolutions  transmitted 
herewith  and  beg  to  ask  your  favorable  consideration  and  action 
upon  them,  in  accordance  with  the  following  motion  passed  by 
the  Society  at  the  recent  New  Haven  meeting : 

**  Moved  to  refer  the  suggestions  and  resolutions  of  Mr.  Ewell 
to  the  Committee  on  Standards  for  Instruments  of  Measure  for 
consideration  and  report  to  the  council  which  is  requested  to 
take  action  in  the  matter;  and,  further,  that  the  Committee  on 
Standards  for  Instruments  of  Measure  be  empowered  to  increase 
its  number  for  the  purpose  of  considering  this  subject." 

We  recommend  further,  that  these  resolutions  be  printed  with 
the  signatures  of  the  officers  and  councilors  of  the  Society,  and 
in  sufficient  number  so  that  one  thousand  copies  will  be  avail- 
able for  the  use  of  this  committee  after  copies  have  been  trans- 
mitted by  the  secretary  of  the  Society  to  the  persons  or  bodies 
designated  in  the  resolutions  and  to  as  many  additional  persons 
or  bodies  as  your  wisdom  may  suggest. 

Your  committee,  named  in  the  motion  quoted  above  and  as 
enlarged  in  accordance  therewith,  beg  to  so  interpret  that  motion 
that  the  powers  therein  granted  will  be  fully  utilized,  and  the 
duties  therein  imposed  will  be  duly  executed,  by  each  member 
of  the  committee  constituting  himself  a  sub-committee  of  one  to 
place  a  copy  of  the  resolutions  in  the  hands  of  every  person  whose 
interest  and  efforts  he  believes  will  aid  the  movement ;  and  by 
persuading  him,  by  personal  letters  or  by  conversation  when 
possible,  to  seek  to  impress  the  importance  of  our  request  upon 
as  many  as  possible  of  the  members  of  the  two  houses  of  Con- 
gress and  of  the  appropriate  committees  thereof. 

We  also  ask  that  the  proper  committees  and  officers  of  the 
Society  be  empowered  and  directed  to  honor  bills  for  expenditures 
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for  postage  incurred  in  the  execution  of  this  plan  by  the  ten 
members  constituting  this  committee. 

Respectfully, 

E.  E.  EwBLi.,  Chairman, 
G.  E.  Barton, 

C.  £.  LiNBBAKGBR, 
H.  P.  TAI.BOT. 

Louis  A.  Fischer, 

F.  W.  Clarke, 
•                                  C.  B.  Dudley, 

E.  W.  MORLEY, 
C.  E.  MUNROE, 

H.  W.  Wiley. 

Committee  on  Standards  for  Instruments  of  Measure  of  the  Amer- 
ican Chemical  Society, 

RESOLUTIONS  RELATIVE   TO  A  NATIONAL  STANDARDS  BUS£AC. 

Whereas,  in  the  conduct  of  exact  chemical  and  physical 
investigations,  the  use  of  apparatus  of  guaranteed  acoiracy  is  a 
necessity  which  is  recognized  by  all  physicists  and  chemists ;  and 

Whereas,  in  foreign  countries,  notably  in  Germany  and 
England,  such  guarantee  is  furnished  by  standardizing  buieaos 
under  the  control  of  their  respective  governments ;  and 

Whereas,  at  present  the  U.  S.  OflSce  of  Standard  Weights 
and  Measures  does  not  possess  appliances  necessary  for  the 
verification  of  as  wide  a  range  of  apparatus  in  kind  and  form  as 
seems  essential,  nor  the  working  force  requisite  to  comply  ^th 
legitimate  demands  for  the  verification  and  stamping  of  chemica] 
and  physical  apparatus,  thus  compelling  the  importation  of 
foreign-made  apparatus  when  such  official  certification  is  desired; 
and, 

Whereas,  this  state  of  affairs  is  not  only  unsatisfactory  to  all 
chemists,  but  also  works  injustice  to  our  manufacturers  of  ther- 
mometers, hydrometers,  volumetric  apparatus  and  other  chemical 
measuring  instruments  who  can  not  supply  the  proper  certifica- 
tion with  such  apparatus ;  therefore  be  it 

Resolved^  that  the  congress  of  the  United  States  be  urged  to 
establish  a  National  Standards  Bureau  in  connection  with  the 
U.  S.  Office  of  Standard  Weights  and  Measures  which  shall  pro- 
vide adequate  facilities  for  making  such  verification  of  chemical 
measuring  apparatus  and  for  stamping  the  same,  as  are  provided 
by  foreign  governments  for  similar  work. 

Resolved  further,  that  a  copy  of  the  foregoing  be  forwarded  to 
the  Secretary  of  the  Treasury,  under  whose  control  the  present 
office  of  Standard  Weights  and  Measures  comes ;  to  the  Super- 
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intendent  of  the  U.  S.  Coast  and  Geodetic  Survey ;  to  the  Pres- 
ident of  the  U.  S.  Senate ;  to  the  Speaker  of  the  U.  S.  House  of 
Representatives ;  to  the  Chairman  and  members  of  the  Commit- 
tee on  Coinage,  Weights  and  Measures ;  and,  to  the  presiding 
officers  of  the  various  sections  of  this  Society  and  to  the  presi- 
ding^ officers  of  other  scientific  bodies  likely  to  be  interested,with 
a  request  for  the  cooperation  of  those  organizations  in  our  e£forts 
to  secure  for  the  U.  S.  Office  of  Standard  Weights  and  Measures 
ample  facilities,  in  point  of  apparatus  and  working  force,  to 
enable  that  office  to  comply  with  the  requests  for  the  verification 
of  measuring  instruments  that  may  be  made  by  American 
scientific  workers. 

E.  E.  EwELi*,  Chairman^ 
G.  E.  Barton, 

C.  E.  LiNBBAKGBR, 

H.  P.  Talbot, 
Louis  A.  Fischer, 

F.  W.  CI.ARKE, 

C.  B.  Dudley, 

E.  W.  MORLEY, 
C.  E.  MUNROE, 

H.  W.  Wiley. 

Committee  on  Standards /or  Instruments  of  Measure  of  the  Amer- 
ican Chemical  Society, 

Rbpkrbncbs  to  Some  R.bcbnt  Literature  on  this  Subject. 

"Volumetric  Apparatus.'*    By  G.  E.  Barton.  J.  Am.  Chem,  Soc.y  ao,  731- 

739  (1898). 

"On  the  Facilities  for  Standardizing  Chemical  Apparatus  Afforded  by 
Foreign  Governments  and  Our  Own.**  By  Louis  A.  Fischer,  y.  Am,  Chem, 
Soc,  ao,  912-927  (1898). 

"A  Brief  History  of  the  Movement  for  Increasing  the  Accuracy  and  for 
Improving  the  Construction  of  Chemical  Measuring  Instruments.**  By 
Brvin  E.  Ewell.  /.  Am.  Chem.  Soc.^  ai,  527-550  (1899). 

"Maasanalytische  Studien.**  By  Dr.  Julius  Wagner.  (A  Book  Review. ) 
By  H.  P.  Talbot.    /.  Am.  Chem,  Soc,  ai,  551-555  (1899). 

"On  the  Limits  of  Accuracy  in  Technical  Analysis.*'  By  J.  Grossman, 
y.  Soc.  Chem.  Ind.^  x8,  977-981  (1899). 

"The  Regulations  of  the  Physikalisch-Technische  Reichsanstalt  Rela- 
tive to  Thermometers.**  Translated  by  C.  E.  Linebarger.  J,  Am.  Chem, 
Soc,  J  aa,  121  (1900). 
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Thatcher,  R.  W.,  Agr.  Expt.  Sta.,  Lincoln,  Nebr. 

Thurnauer,  Gustav,  Aurora  Metal  Co.,  Aurora,  111. 

Wrampelmeier,  T.  J.,  320  California  St.,  San  Francisco,  Cal. 

Yeaton,  Arthur  C,  Westbrook  Sem.,  Portland,  Me. 

Zimmele,  H.  B.,  53  South  Washington  Square,  New  York 
City. 

MEETINGS  OF  THE  SECTIONS. 

MICHIGAN  SECTION. 

The  Michigan  Section  met  on  Friday  evening,  April  27,  in 
the  parlors  of  the  Normandie  Hotel,  Detroit,  with  57  members 
and  visitors  in  attendance.  Before  the  meeting  there  was  an  in- 
formal dinner  at  which  26  were  present.  The  following  papers 
were  presented : 

••  Filtration  of  Drinking  Water."     By  A.  F.  Shattuck. 

**  Theory  of  Hardening  of  Steel/'     By  E.  D.  Campbell. 
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''Distillation  of  Amalgams  and  Purification  of  Mercury." 
By  Geo.  A.  Hulett. 

The  paper  announced  by  Charles  C.  Sherrard  was,  at  his 
request,  postponed  till  the  next  meeting. 

Alfb.bi>  H.  White,  Secrttay. 
NEW  YORK  SECTION. 

The  March  meeting  of  the  New  York  Section  was  held  at  the 
Chemists'  Club,  on  Friday  evening,  March  9th,  Dr.  C.  F. 
McKenna  presiding. 

The  annual  meeting  of  the  Society  at  large,  it  was  announced, 
would  be  held  in  New  York  in  June  in  conjunction  with  the 
meeting  of  the  Association  for  the  Advancement  of  Science,  and 
on  motion  it  was  voted  that  the  Executive  Committee  be  author- 
ized to  prepare  for  the  reception  of  the  American  Chemical  Soci- 
ety in  June,  and  to  add  to  their  number  as  may  be  necessary. 

The  following  papers  were  read  : 

**  Normal  Chlorine  Map  of  Long  Island."  By  Messrs.  G.  C. 
Whipple  and  D.  T.  Jackson. 

**  A  New  Industrial  Process  for  the  Separation  of  Oxygen, 
Nitrogen,  and  Carbon  Dioxide  from  the  Atmosphere  at  Extraor- 
dinarily Small  Cost.**     By  Prof.  Raoul  Pictet. 

After  a  vote  of  thanks  to  Prof.  Pictet  the  meeting  adjourned. 


The  April  meeting  of  the  New  York  Section  of  the 
American  Chemical  Society,  was  held  on  Friday  evening,  April 
6th,  at  the  Chemists'  Club,  108  West  Fifty-fifth  Street.  Dr.  C. 
P.  McKenna  presided,  and  the  following  papers  were  read : 

**A  Method  of  Obtaining  Nucleic  Acid."  By  Dr.  P.  A. 
Levene. 

*'  Analysis  of  a  Saline  Deposit  from  Southern  Nevada."  By 
Ralph  W.  Bailey. 

**  Notes  on  the  Ferrocyanide  Titration  of  Zinc."  By  Dr.  E. 
H.  Miller  and  E.  J.  Hall. 

Special  announcement  was  made  of  an  extra  meeting  to  be 
held  on  May  2d  for  the  exhibition  of  novel  forms  of  apparatus, 
products,  etc.,  and  that  the  meeting  would  be  in  the  nature  of  a 
reception,  to  which  the  ladies  and  friends  of  the  members  wonld 
be  invited.  The  Section  on  this  occasion  will  be  the  guest  of 
the  Chemists*  Club. 
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An  invitation  to  attend  the  next  meeting  of  the  New  York 
Section  of  the  Society  of  Chemical  Industry,  on  the  occasion  of 
the  presentation  of  a  paper  on  **  Petroleum  and  its  Products," 
by  Dr.  C.  F.  Newberry,  signed  by  Dr.  Parker,  was  then  read, 
after  which  the  meeting  adjourned.       ^  i>vkxki>  woodmav.  Secretary. 

CINCINNATI   SECTION. 

The  74th  regular  meeting  of  the  Cincinnati  Section  was  held 
in  the  Chemical  Lecture  Room,  Hanna  Hall,  University  of  Cin- 
cinnati, on  Thursday  evening,  February  15,  1900.  Prof.  R.  M. 
Hughes  occupied  the  chair.  32  members  and  visitors  were  pres- 
ent. 

A  communication  from  the  Chairman  of  the  Committee  on 
Standards  of  Measure,  of  the  American  Chemical  Society,  was 
referred  to  a  committee  consisting  of  the  president  and  secretary, 
with  power  to  act. 

The  paper  of  the  evening,  **Expert  Evidence,"  was  presented 
by  Dr.  Alfred  Springer. 

The  75th  regular  meeting  of  the  Cincinnati  Section  was  held 
on  Thursday  evening,  March  15th,  at  the  usual  place  of  meeting 
in  Hanna  Hall.  Dr.  Evans  presided,  and  22  members  and  vis- 
itors were  in  attendance. 

The  Committee  on  a,  National  Standards  Bureau  reported  that 
it  had  adopted  the  resolutions  read  at  the  February  meeting  and 
had  forwarded  copies  to  the  officials  mentioned  in  the  communi- 
cation from  Mr.  E.  E.  Ewell. 

Mr.  lyucien  Fogetti  addressed  the  section  on  the  subject, 
** Fractional  Distillation  in  Vacuo,  with  a  New  Form  of  Receiver." 
The  discussion  which  followed  was  quite  generally  participated 
in.  Following  this  Mr.  Fogetti  gave  a  very  interesting  account 
of  Dr.  Squibb's  plant  and  process  for  the  manufacture  of  ether 
and  absolute  alcohol. 


The  76th  regular  meeting  of  the  Cincinnati  Section  was  held 
on  Saturday  evening,  April  14th,  in  the  Chemical  lecture  Room 
in  Hanna  Hall,  with  Dr.  Evans  in  the  chair.  Twenty-nine  mem- 
bers and  visitors  were  present. 

Mr.  Robert  W.  Hochstetter  presented  the  paper  of  the  eve- 
ning, '  'Indigo. ' '     The  methods  now  used  in  India  for  cultivating 
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the  plant  and  preparing  the  crude  indigo  of  commerce  were 
described.  The  more  important  methods  of  making  synthetic 
indigo  were  discussed  briefly.  Methods  of  analysis  were  touched 
upon,  and  the  paper  was  concluded  by  an  interesting  account  (A 
the  ways  in  which  indigo  is  used  in  dyeing,  calico  printing,  asd 
as  a  pigment.  The  paper  was  well  illustrated  by  specimens  d 
natural  and  artificial  indigo  and  its  products  and  by  material 
dyed  and  printed.  prank  i.  shspbe&d.  secretary. 

WASHINGTON    SECTION. 

The  II 6th  regular  meeting  was  held  Thursday,  FebruaiyS, 
1900. 

The  following  program  was  presented  : 

**  The  Adulteration  of  the  Arsenical  Insecticides,"  by  J.  K. 
Haywood. 

**  Uncompounded  Chemicals  under  the  War  Revenue  Act 
(with  exhibition  of  specimens),"  by  C.  A.  Crampton  and  D. 
Simmons. 

**  The  Relation  of  the  Chemical  Society  to  the  Municipality," 
by  Wirt  Tassin. 

**  The  Genesis  of  Hardpan,"  by  F.  K.  Cameron. 


The  117th  regular  meeting  was  held  Thursday,  March  8, 1900. 

The  program  was  devoted  to  a  symposium  on  iron  and  steel, 
as  follows : 

Iron  :  The  raw  materials ;  chemistry  of  iron-ore  smelting  ; 
cast  iron  ;  properties  of  iron. 

Steel :  The  raw  materials ;  converting  methods ;  the  mill ; 
castings,  forgings,  and  plates  ;  special  steels. 

The  participants  were  Messrs.  Dewey  and  Tassin. 

The  regular  meeting  was  held  April  12,  1900. 

The  first  paper  was  read  by  Mr.  J.  K.  Haywood,  and  was 
entitled  **The  Analysis  of  the  Arsenical  Insecticides."  The 
paper  consisted  of  a  comparative  sVidy  of  various  methods  pro- 
posed for  the  analysis  of  these  preparations. 

The  second  paper  of  the  evening,  which  was  presented  by  Dr. 

H.  C.   Bolton,  and  entitled  **  A  Claim  for   Priority,"  was  read 

by  the  Secretary. 

**The  Journal  of  the  American  Chemical  Society  for  March, 
1900,  contains  a  paper  by  Joseph  W.  Richards  and  Norman  S. 
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Powell,  entitled  **  Substitutes  for  Hydrochloric  Acid  in  Testing 
Carbonates;''  the  authors  find  that  potassium  acid  sulphate, 
oxalic  acid,  citric  acid,  gnd  tartaric  acid  can  be  used  in  testing 
carbonates,  producing  effervescence  more  or  less  actively,  and 
they  give  a  table  of  results.  The  authors  make  no  reference  to 
previous  work  on  the  same  lines,  and  this  prompts  me  to  make 
the  claim  that  about  twenty  years  ago  I  anticipated  all  their 
observations  and  published  the  results  in  periodicals  accessible 
to  every  one. 

**  Between  1877  and  1882  I  published  three  memoirs  under  the 
title  '  Application  of  Organic  Acids  to  the  Examination  of 
Minerals,*  in  which  I  showed  the  action  of  these  acids  on  200 
mineral  species,  including  carbonates,  sulphides,  oxides,  silicates, 
and  many  others.  I  pointed  out  the  usefulness  of  citric  acid  as 
a  substitute  for  hydrochloric  acid  in  the  laboratory  and  in  the 
field,  and  showed  that  by  means  of  it  certain  minerals  could  be 
readily  distinguished. 

*  *  These  papers  were  printed  in  whole  or  in  part  in  the  follow- 
ing journals  :  Chemical  News,  Vols.  35,  36,  43,  and  47 ;  Annals 
N.  V.  Acad,  Sciences,  Vols.  I  and  II ;  Proceedings  American 
Assoc.  Adv.  Science,  Vol.  47 ;  Reports  Brit.  Assoc.  Adv.  Science, 
Vol.  50;  Mineralogical Mag. ,  V»l.  IV ;  Ber.  d.  chem.  Ges.,  Vol. 
XIII ;  and  abstracts  appeared  in  many  other  journals.  More- 
over the  use  of  citric  acid  in  testing  minerals  was  adopted  by 
teachers  in  more  than  one  scientific  school,  the  use  of  potassium 
acid  sulphate  having  been  known  long  before.  Finally  Nason's 
edition  of  Elderhorst's  'Manual  of  Qualitative  Blowpipe  Analy- 
sis* (1881)  gives  a  whole  chapter  to  my  method. 

*  *  It  is  gratifying  to  note  that  the  results  obtained  by  Richards 
and  Powell  agree  well  with  mine.  Coincidences  of  independent 
thought  often  occur,  but  in  publishing  a  research  some  acknowl- 
edgment of  previous  work  is  generally  made ;  had  the  authors 
made  even  a  slight  examination  of  familiar  literature  they  would 
have  found  that  their  field  of  study  had  been  thoroughly 
traversed.*' 

The  third  paper  was  read  by  Dr.  Cameron  and  was  entitled 
**The  Estimation  of  the  Carbonates  and  Bicarbonates  of  the 
Alkalies,'*  by  F.  K.  Cameron  and  L.  J.  Briggs. 

The  last  paper  was  read  by  Dr.  Cameron  and  was  entitled 
**The  Solubility  of  Calcium  Sulphate  in  Solutions  of  Other 
Salts,**  by  F.  K.  Cameron  and  F.  D.  Gardner. 

Mr.  Chestnut  exhibited  specimens  of  plants  used  by  the 
Indians  in  California,  to  stupefy  fish  which  they  use  for  food. 

An  adjourned  meeting  was  held  at  Hopkins  Hall,  Johns  Hop- 
kins University,  Baltimore,  Md.,  on  April  21,  1900. 
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Dr.  Remsen  welcomed  the  Society  and  explained  that  the 
Chemical  Department  of  the  University  is  now  undergoing 
repairs  after  damage  by  fire.  He  gave  an  interesting  account  of 
the  work  in  progress  under  his  direction  in  the  university  labora- 
tory. 

The  first  paper  of  the  evening  was  read  by  Dr.  Simon  and  was 
entitled  **  A  Storage  Vessel  for  Solid  Carbon  Dioxide."  The 
author  exhibited  an  improved  vessel,  which  he  had  designed, 
and  which  is  giving  universal  satisfaction  in  the  transportation 
of  such  materials  as  solid  carbon  dioxide  and  liquid  air.  In 
connection  with  the  vessel, he  exhibited  some  solid  carbon  dioxide 
which  had  been  placed  in  it  the  day  before  and  showed  that  there 
had  been  very  little  loss. 

Professor  Morse  read  a  paper  on  the  preparation  of  perman- 
ganic acid,  in  which  he  discussed  various  methods  and  showed 
that  the  electrolytic  method  had  been  most  satisfactor)'.  He 
described,  In  detail,  the  apparatus  used  for  carrying  ont  this 
method. 

Dr.  Bolton  presented  a  paper  entitled  **  An  Experimental 
Study  of  Radio-active  Substances.'*  The  paper  was  illustrated 
with  photographs  taken  with  radium  light. 

The  last  paper  of  the  evening  was  read  by  Dr.  F.  W.  Clarke 
and  was  entitled  '  *  The  Action  of  Ammonium  Chloride  on  Cer- 
tain Silicates,"  by  F.  W.  Clarke  and  George  Steiger. 

*  *  A  brief  outline  of  the  method  of  djecomposition  of  some  zeo- 
lites, by  heating  with  ammonium  chloride  in  a  sealed  tnbe,  was 
first  given. 

*  *  It  was  shown  by  the  experiments  that  two  of  th^  formulas, 
hitherto  given,  to  scolecite,  natrolite,  and  prehnite,  must  be 
abandoned. 

**  Scolecite  and  natrolite  give  almost  identical  ammonium  com- 
pounds, calcium  having  been  replaced  in  the  one  case  and  so- 
dium in  the  other.  They  also  show  these  two  zeolites  to  be 
probably  salts  of  orthotrisilicic  acid. 

*  *  In  the  case  of  prehnite  the  results  were  quite  difierent,  two 
experiments  giving  only  0.17  per  cent,  in  6ne  case  and  0.22  per 
cent,  in  the  other  of  ammonium  in  the  product  formed  by  tkir 
treatment.  This  different  action  shows  that  prehnite  can  00 
longer  be  classed  with  the  former  two. 

**In  the  case  of  pectolite  the  results  were  so  irregular  that 
definite  conclusions  could  not  be  drawn  from  the  facts  at  hand. 
Some  figures  were  given  and  a  formula  suggested." 

W.  H.  Krvq,  Setman. 
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Proceedings. 


COUNCIL. 

The  following  resolutions  have  been  approved  by  council : 

Whereas,  the  laws  of  the  several  states  controlling  food 
adulterations  are  largely  ineffective  because  of  the  interference 
of  interstate  commerce  laws,  and  can  be  made  effective  only 
through  national  legislation, 

And  whereas,  by  bills  now  pending  in  the  congress  of  the 
United  States  and  particularly  by  bills  numbered  H.  R.  9677  and 
Senate  2426,  it  is  proposed  to  establish  in  the  United  States 
Department  of  Agriculture  a  bureau  of  chemistry,  the  director  of 
which  shall,  under  the  direction  of  the  secretary  of  agriculture, 
be  charged  with  the  chemical  investigation  of  the  foods  produced 
and  consumed  throughout  the  country. 

Therefore  be  it  resolved  by  the  Council  of  the  American  Chem- 
ical Society  that  the  congress  of  the  United  States  be,  and  is 
hereby,  urged  to  promptly  enact  into  law  the  said  bills,  namely 
H.  R.  9677,  and  Senate  2426,  and  provide  adequate  facilities  for 
effective  prosecution  of  the  provisions  of  the  said  bills. 

Resolved^  further,  that  a  copy  of  this  resolution  be  forwarded  to 
the  president  of  the  United  States  Senate  ;  to  the  speaker  of  the 
House  of  Representatives ;  to  the  chairman  of  the  Committees 
on  Agriculture  and  on  Commerce  and  Manufactures  of  the  Senate 
of  the  United  States ;  to  the  chairman  of  the  Committee  on  Inter- 
state Commerce  of  the  House  of  Representatives ;  to  the  secre- 
tary of  agriculture,  who  shall  be  charged  with  the  enforcement 
of  the  provisions  of  said  bills,  and  to  the  presiding  officers  of  the 
various  sections  of  the  Society,  urging  their  cooperation  in  the 
movement  to  secure  the  establishment  of  the  bureau  of  chemistry, 
which  shall  be  charged  with  the  scientific  and  chemical  work  re- 
quired in  the  enforcement  of  the  provisions  of  the  said  bills. 
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NAMES  PROPOSED  FOR  MEMBERSHIP. 

Allen,  Richard  F.,  Hart  Park,  West  New  Brighton,  Staten 
Id.,  N.  Y. 

Berolzheimer,  Daniel  D.,  175  E.  79th  St.,  N.  Y.  City. 

Hancock,  Wm.  J.,  Erasmus  Hall,  High  School,  Brooklyn, 
N.  Y. 

Logan,  Lily,  Howardsville,  Va. 

Lohmann,  Herman  J.,  90  Monticello  Ave.,  Jersey  City,  N.J. 

Norton,  Mrs.  Alice  P.,  47  Hancock  St.,  Aubumdale,  Mass. 

Richards,  Alfred  N.,  437  W.  59th  St.,  N.  Y.  City. 

Stockweil,  C.  F..  Bassett,  Nebr. 

Sundstrom,  Carl,  care  Solvay  Process  Co.,  Detroit,  Mich. 

Sundstrom,  Karl  J.,  Trenton,  Wayne  Co.,  Mich. 

Taylor,  Thomas  M.,  Oberlin,  Ohio. 

Torrey,  Joseph,  Jr.,  8  Avon  St.,  Cambridge,  Mass. 

Waddell,  John,  School  of  Mines,  Kingston,  Ont. 

NAME  PROPOSEP  FOR  ASSOCIATE  MEMBERSHIP. 

Pretzfeld,  Charles  J.,  121 1  Madison  Ave.,  N.  Y.  City. 

NEW  MEMBERS  ELECTED  JUNE  12,   I9OO. 

Ackerman,  Franz  W.,  54  Livingston  St.,  Brooklyn,  N.  Y. 

Ansbacher,  Louis  A.,  4  Murray  St.,  N.  Y.  City. 

Emery,  A.  L.,  Palo  Alto,  Cal. 

Frazee,  F.  H.,  416  Concord  Ave.,  Detroit,  Mich. 

Hartford,  James,  100  William  St.,  N.  Y.  City. 

Hartley,  Kenneth,  Kansas  City,  Kans. 

Hess,  Henry  W.,  1829  Summit  Ave.,  Toledo,  O. 

Hummel,  John  A.,  State  Capitol,  St.  Paul,  Minn. 

Landis,  Edward  K.,  4025  Spruce  St.,  Philadelphia. 

Mather,  Henry  A.,  care  Verde  Queen  Copper  Co.,  Jerome, 
Ariz. 

Neumeister,  E.  J.,  Alma  Sugar  Co.,  Alma,  Mich. 

Nikaido,  Yasajuro,  2375  O  St.,  Lincoln,  Nebr. 

Russell,  Herman,  721  E.  Ann  St.,  Ann  Arbor,  Mich. 

Schnierwind,  F.,  United  Coke  and  Gas  Co.,  36  Wall  St.,  N. 
Y.  City. 

Soper,  George  A.,  251  W.  93rd  St.,  N.  Y.  City. 

Van  Riper,  George  B.,  Rutherford,  N.  J. 

ASSOCIATES   ELECTED  JUNE  12,  I9OO. 

Eccles,  David  C,  191  Dean  St.,  Brooklyn,  N.  Y. 
Kiehn,  John  F.,  3631  S.  Winchester  Ave.,  Chicago,  111. 
Stierlin,  E.,  mo  Queen  City  Ave.,  Cincinnati,  0. 
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CHANGES  OF  ADDRESS. 


Ashley,  Harrison E.,  947  Acushnet  Ave.,  New  Bedford,  Mass. 

Bevier,  Miss  Isabel,  Plymouth,  Ohio. 

Brewer,  Chas.  E.,  Wake  Forest,  N.  C. 

Clark,  Clara,  201  N.  Jackson  St.,  Biitte,  Mont. 

Dailey,  J.  Glanding,  327  Wharton  St.,  Philadelphia,  Pa. 

Fosdick,  E.  H.,  1505  S.  Grand  Ave.,  Los  Angeles,  Cal. 

Jackson,  Daniel  D.,  179  Sixth  Ave.,  Brooklyn,  N.  Y. 

Johnson,  Treat  B.,  57  Otis  St.,  E.  Cambridge,  Boston,  Mass. 

Labonde,  Dr.  Xeon,  3601  S.  Hower  St.,  Los  Angeles,  Cal. 

Mcllhiney,  P.  C,  145  E.  23d  St.,  N.  Y.  City. 

Perkins,  T.  S.,  care  California  Tartar  Co.,  318  Front  St.,  San 
Francisco,  Cal. 

Phalen,  Wm.  C,  13  Sadler  St.,  Gloucester,  Mass. 

Phillips,  Wm.  D.,  128  Pearl  St.,  N.  Y.  City. 

Richardson,  Clifford,  care  N.  Y.  Testing  Lab.,  Long  Island 
City,  N.  Y. 

Schiipphaus,  Robert  C,  174  Broadway,  N.  Y.  City. 

Skinner,  Hewey  J.,  care  General  Chem.  Co.,  Moro  Phillips 
Works,  Camden,  N.  J. 

Tuschka,  Otto,  care  Seamon  Lab.,  El  Paso,  Texas. 

Willard,  H.  H.,  Union  City,  Mich. 

Willey,  Ogden  G.,  Box  179,  Berwyn,  111. 

MEETINGS  OF  THE  SECTIONS. 

CHICAGO  SECTION. 

The  34th  regular  meeting  of  the  Chicago  Section  was  held  at 
the  Union  Restaurant,  May  11,  1900. 

Prof.  W.  A.  Noyes,  of  the  Rose  Polytechnic  Institute,  gave  a 
paper  on  the  constitution  of  camphor,  showing  how  the  problem 
had  been  attacked  and  the  evidence  for  the  formula  now  assigned. 

Dr.  J.  H.  Long  was  elected  member  of  the  council  from  the 

Chicago  Section.  p.  b.  Dains.  Sectetary. 

NEW  YORK  SECTION. 

The  May  meeting  was  held  on  the  12th,  at  the  Chemists' 
Club,  as  usual.  Dr.  C.  F.  McKenna  presiding.  The  following 
papers  were  read : 

C.  W.  Volney  :   **  New  Extraction  Apparatus.'* 

C.  W.  Volney  :  **  Artifical  Musk." 

P.  A.  Levene  :  **  Modern  Researches  on  the  Chemistry  of  the 
Proteid  Molecule." 
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J.  A.  Mathews:  **  Cobalticyanides  of  Bismuth.'* 

Dr.  Volney's  artificial  musk  was  exhibited  and  caused  con- 
siderable discussion.  It  is  said  to  be  a  compound  belonging  to 
the  paraffin  series,  and  therefore  is  a  distinct  departure  from  the 
idea  that  aq  artificial  perfume  must  contain  the  *' benzol  ling." 
No  analysis  was  given  nor  particulars  of  the  method  of  prepara- 
tion, these  being  reserved  for  a  future  communication.  Asked 
whether  his  musk  is  composed  of  a  saturated  or  unsaturated 
paraffin  compound,  Dr.  Volney  said  that  it  is  saturated.  Dr. 
Schweitzer  said  that  so  far  as  he  knew,  it  had  never  been  claimed 
that  an  aromatic  group  was  necessary  in  the  synthetic  masks. 
Dr.  Stearns  claims  that  nitrated  bodies  do  not  smell  of  tnie 
musk.  Different  persons,  he  said,  are  differently  affected  by  the 
true  musk  odor,  and  many  are  incapable  of  deciding  thataa 
imitation  is  a  good  representative  of  the  true  flavor.  In  this 
way  many  substances  were  called  artificial  musk  which  would 
not  pass  even  an  arbitrary  set  of  tests.  It  is  not  yet  known  what 
the  essential  element  of  true  musk  is,  or  whether  it  is  preexist- 
ent,  or  is  formed  by  a  slow  chemical  change  in  the  constituents 
of  musk  material.  Baur  has  examined  musk  to  determine 
whether  nitrated  bodies  were  present,  but  found  none. 

Dr.  Levene's  paper  was  an  interesting  review  of  the  work 
which  has  been  done  and  the  views  which  have  been  held  dm- 
ing  the  past  two  years  on  the  chemistry  of  the  protein  compomids 
and  the  classifications  of  their  constituents.  In  regard  to  the 
sulphur  in  their  composition,  he  said  it  evidently  existed  in  two 
forms  or  conditions  of  combination,  one  molecule  being  separable 
as  hydrogen  sulphide,  the  other  remaining. 

Dr.  J.  A.  Mathews  described  an  investigation  of  the  cobalti- 
cyanides  of  bismuth  designed  to  develop  a  process  for  separation 
of  bismuth  in  analytical  work  —  for  instance,  in  the  analysis  of 
pig  and  refined  lead.  The  conditions  under  which  such  an 
analysis  is  carried  out  were  found,  however,  to  prevent  the  com- 
plete precipitation  of  bismuth  as  cobalticyanide,  and  as  yet  he 
had  not  been  able  to  make  the  practical  application  of  the  study 
of  these  salts  which  had  been  hoped  for. 

The  meeting  was  addressed  by  Prof.  Rising,  of  California,  who 
said  that  much  interest  was  manifested  by  the  chemists  of  the 
Pacific  coast  in  becoming  members  of  the  American  Chemical 
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Society,  and  an  application  for  a  charter  would  soon  be  made. 

Dr.  McMurtrie,  president  of  the  Society,  was  present,  and,  in- 
vited to  take  the  chair,  said  that  in  view  of  the  approaching 
general  meeting  it  was  necessary  that  each  member  should  bring 
out  whatever  subject  he  had  in  readiness  for  publication  in  time 
to  have  its  title  announced  on  the  program.  All  such  titles 
should  be  transmitted  to  the  general  secretary,  A.  C.  Hale,  551 
Putnam  Ave.,  Brooklyn,  N.  Y.,  as  early  as  practicable,  to  facili- 
tate the  preparation  of  the  program  and  to  enable  the  committee 
to  arrange  sufficient  time  for  the  sessions.  Dr.  Doremus  an- 
nounced the  full  list  of  sections,  and  ground  covered  thereby,  in 
the  congress  of  chemists  to  be  held  at  Paris  in  July — also  that 
titles  of  papers  to  be  presented  there  should  be  forwarded  not 
later  than  June  i. 

The  chairman  referred  to  the  special  exhibition-reception 
meeting  held  on  the  2nd  inst.  in  the  Assembly  Room  of  the  club, 
and  suggested  a  vote  of  thanks  to  those  who  had  assisted  in 
making  it  a  success.  On  motion,  a  vote  of  thanks  was  seconded 
and  carried  unanimously :  to  Dr.  Elwyn  Waller  for  the  hand- 
some roses  sent  from  his  greenhouses  to  decorate  the  tables ;  to 
the  firms  who  made  special  exhibits  of  apparatus,  minerals,  and 
chemical  products ;  and  to  Dr.  £.  K.  Smith  and  his  committee 
for  their  arduous  labor  in  arranging  the  details  of  catalogue, 
printing,  etc. 

The  June  meeting  of  the  New  York  Section  of  the  American 
Chemical  Society  was  held  on  the  8th  inst.  at  the  Chemists' 
Club.  The  retiring  chairman.  Dr.  Chas.  F.  McKenna,  invited 
the  president  of  the  Society,  Dr.  William  McMurtrie,  to  preside. 
An  address  was  made  by  Dr.  McKenna  on  the  *'  Advancement 
in  the  Study  of  the  Properties  of  the  Metals,"  and  on  the  **  Pres- 
ent and  Future  of  the  New  York  Section  of  the  American  Chem- 
ical Society." 

The  election  of  officers  for  the  ensuing  year  resulted  as  fol- 
lows: Chairman,  Dr.  C.  A.  Doremus;  Secretaty  and  Treasurer , 
Durand  Woodman ;  Executive  Committee,  C.  F.  McKenna,  M.  T. 
Bogert,  and  P.  C.  Mcllhiney. 

The  following  papers  were  then  read  : 
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**  Comparison  of  Iodine  and  Bromine  Figures  of  Various  Fatty 
Oils/*  by  H.  T.  Vult6  and  Lily  Logan. 

**The  Chemistry  of  Materials  used  in  Perfumery  and  Kindred 
Arts/'  by  T.  C.  Stearns. 

'*  Rapid  Method  for  Separation  of  Cadmium,  Bismuth,  etc., 
from  Zinc  and  Manganese/'  by  Geo.  C.  Stone. 

"On  the  Oxidation  of  Platinum/'  by  Dr.  R.  C.  Hall. 

A  motion  was  made  and  seconded  that  a  fund  should  be  raised 
for  a  prize  for  the  best  paper  read  before  the  Society  during  each 
season.  This  was  in  pursuance  of  a  suggestion  made  by  the 
chairman  in  his  address. 

Notice  was  given  of  the  general  meeting  of  the  American 
Chemical  Society,  to  be  held  in  the  latter  part  of  the  month, 
after  which  the  Section  adjourned. 

DuRAND  Woodman,  Secretaty. 


Issued  with  the  July  Number. 
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COUNCIL. 

The  following  resolution  was  approved  by  Council,  June  15, 
1900: 

**  Resolved^  That  the  President  of  the  American  Chemical 
Society  is  hereby  authorized  and  directed  to  appoint  a  commit- 
tee, of  which  he  himself  shall  be  Chairman,  with  power  to  confer 
and  to  make  arrangements  with  Section  C,  with  any  officers  or 
committees  of  the  American  Association  for  the  Advancement  of 
Science,  and  with  other  organizations  affiliated  with  the  Ameri- 
can Association  for  the  Advancement  of  Science,  for  future 
summer  meetings  of  the  American  Chemical  Society  and  Sec- 
tion C." 

NAMES  PROPOSED   FOR  MEMBERSHIP. 

Boiling,  Randolph,  Va.  I.  C.  &  C.  Co.,  Radford  Blast  Fur- 
nace, Radford,  Va. 
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Chicago,  111. 
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Diehl,  Oscar  C,  care  Parke,  Davis  &  Co.,  Detroit,  Mich. 

Hall,  Everett  J.,  Passaic,  N.  J. 

Hillyer,  Homer  W.,  Madison,  Wis. 

Kniffen,  Frederick,  Indian  Head,  Md. 

I/Ucas,  Alfred,  Survey  Dept.,  Public  Works  Ministry,  Cairo, 
Egypt. 

Lyons,  Philip  D.,  Md.  Steel  Co.,  Sparrows  Point,  Md. 

Nathan,  Albert  P.,  603  Mumford  Court,  Kansas  City,  Mo. 

Reid,  E.  Emmet,  College  of  Charleston,  Charleston,  S.  C. 

Root,  W.  W.,  186  Eugenie  St.,  Chicago,  111. 

Sears,  Frederick  E..  St.  Paul's  School,  Concord,  N.  H. 

Seward,  George  O.,  Holcomb  Rock,  Va. 


(66) 
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Amott,  G.  W.  Campbell,  26  Broadway,  New  York  City. 
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Behr,  Gustave  E.,  Jr.,  Harvard  Univ.,  Cambridge,  Mass. 

Bevier,  Miss  Isabel,  Univ.  of  111.,  Champaign,  111. 

Browne,  Charles  A.,  Jr.,  Univ.  of  Goettingen,  Goettingen, 
Germany. 

Burk,  W.  E.,  Male  High  School,  Louisville,  Ky. 

Burn,  Harry,  care  Sloss-ShefBeld  S.  &  I.  Co.,  Birmingham, 
Ala. 

Campbell,  Archibald,  3140  Duwell  Ave.,  Walnut  Hills, Cin- 
cinnati, Ohio. 

Campbell,  George  F.,  82  Broadway,  New  Haven,  Conn. 

Cay  van,  L.  L.,  499  Adams  St.,  Chicago,  lU. 

Coutie,  William,  2129  7th  Ave.,  Troy,  N.  Y. 

Craig,  A.  G.,  61 12  Station  St.,  Pittsburg,  Pa. 

Davis,  Charles  B.,  care  Dr.  Wyatt,  39  S.  William  St.,  New 
York  City. 

Davison,  John  M.,  340  Oxford  St.,  Rochester,  N.  Y. 

Dorr,  John  V.  N.,  Golden  Gate  M.  &  M.  Co.,  Deadwood,  S.D. 

Downey,  James  E.,  High  School,  Holyoke,  Mass. 

Dustin,  Guy  K.,  30  Lenango  St.,  Binghamton,  N.  Y. 

Ellis,  Carleton,  195  Winchester  St.,  Keene,  N.  H. 

Ellis,  Geo.  H.,  163  Randolph  St.,  Chicago,  111. 

Fischer,  Robert,  810  Franklin  Ave.,  Columbus,  O. 

Gallivan,  F.  B.,  56  Prospect  Place,  Brooklyn,  N.  Y. 

Garrigues,  W.  E.,  1123  Broadway,  New  York  City. 
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Hall,  Robert  W.,  University  Heights,  Bronx,  N.  Y.  City. 

Hamilton,  Louis  P.,  222  E.  Beaux  St.,  Washington,  Pa. 

Hodges,  G.  C,  Box  88,  New  Hartford,  N.  Y. 


(67) 

Horsford,  Roger  F. ,  care  Am.  Bell  Telephone  Co.,  125  Milk  St. 
Boston,  Mass 

Isaacs,  A.  S.,  1214  Sheffield  St.,  Allegheny,  Pa. 

Keller,  A.  C,  Apartado  A.,  Aguascalientes,  Mexico. 
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fogasta,  Chili,  S.  C. 

Mixer,  C.  T.,  Joplin,  Mo. 

Murrill,  Paul,  Hickory,  N.  C. 

Parker,  T.  J.,  care  General  Chem.  Co.,  32  Liberty  St.,  New 
York  City. 

Parmelee,  H.  C,  1733  High  St.,  Denver  Colo. 

Porter  John  J.,  Observatory  Ave.,  Hyde  Park,  Cleveland,  O. 

Redding,  Allen  C,  Golconda  Mine,  Sumpter,  Ore. 
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MEETINGS  OF  THE  SECTIONS. 


WASHINGTON  SECTION. 

The  regular  meeting  was  held  May  loth. 

Mr.  Edwin  A.  Hill  presented  a  paper  entitled  ''  On  a  Svstem 
of  Chemical  Indexing  Adopted  by  the  Classification  Division  of 
the  U.  S.  Patent  OflSceV' 

William  H.  Kmx;G,  Secrtt»y. 


Iitued  with  Angust  Number.  1900. 


Proceedings. 


TWENTY-FIRST  GENERAL  MEETING. 

The  Twenty-first  General  Meeting  of  the  American  Chemical 
Society  was  called  to  order  at  12.35  p.m.,  Monday,  June  25, 
1900,  in  Room  309,  Havemeyer  Hall,  Columbia  University,  New 
York  City. 

The  president  introduced  Dr.  Charles  F.  McKenna,  chairman 
of  the  New  York  Section,  who  addressed  a  few  wonds  of  wel- 
come to  the  visiting  chemists. 

Responses  were  made  by  Prof.  Jas.  Lewis  Howe,  on  behalf  of 
Section  C  of  the  American  Association  for  the  Advancement  of 
Science,  and  Dr.  Wm.  McMurtrie,  on  behalf  of  the  American 
Chemical  Society. 

After  a  few  announcements,  the  meeting  was  adjourned  till  2 

P.M. 

Afternoon  Session. — At  2  p.m.  the  Society  was  called  to  order 
again  and  the  minutes  of  the  last  general  meeting  as  already 
printed  in  the  Journal  were  approved. 

A  paper  on  **  The  Composition  of  Abietic  Acid  *'  was  read  in 
abstract  by  the  author,  Hermann  A.  Loos. 

Mr.  Marston  Taylor  Bogert  read  a  paper  on  *  *  Experiments 
with  Some  Substituted  Benzoic  Acids  and  their  Nitriles,'*  pre- 
pared by  himself  and  August  H.  Gotthelf.  This  was  followed 
by  two  other  papers  by  the  same  authors,  the  titles  of  the  papers 
being  ' '  The  Direct  Synthesis  of  Ketodihydroquinazolines  from 
Orthoamido  Nitriles'*  and  **  The  Direct  Synthesis  of  Ketodi- 
hydroquinazolines from  Orthoamido  Acids." 

A  paper  **  On  Some  Derivatives  of  Phenyl  Ether,"  by  H.  W. 
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Hillyer,  was  read  by  the  author,  after  which  the  session  ad- 
journed. 

A  meeting  of  the  Council  of  the  Society  was  held  in  Roob 
311,  Havemeyer  Hall,  at  4.15  p.m.  At  8  p.m.  the  cheoiits 
enjoyed  a  **  Smoker  "  at  the  Chemists*  Club,  108  W.  55th  Sl, 
given  by  the  New  York  Section  of  the  Society. 

TUESDAY,  JUNE  26, 190O. 

Forenoon  Session, — The  morning  session  was  called  to  order  it 
10.40  A.M.  in  the  Assembly  Hall  of  the  Chemists'  Club.  Mr.T. 
J.  Parker,  vice-president  of  the  Club,  was  introduced  by  the 
president,  and  welcomed  the  chemists  in  a  few  words. 

A  paper  on  **The  Metric  System,  Past,  Present,  and  Prospect- 
ive," was  presented  by  Rufus  P.  Williams,  and  discussed  by 
Messrs.  Parker,  Seaman,  and  Hillebrand,  the  last  of  whom 
offered  the  following  resolution  : 

Resolved^  That  this  Society  is  strongly  in  favor  of  the  psssi§e 
of  H.  R.  Bill  104,  looking  to  the  adoption  and  use  of  the  M^ 
System,  and  that  the  secretary  be  instructed  to  .so  inform  the 
Chairman  of  the  Committee  on  Coinage,  Weights,  and  Measois 
of  the  House  of  Representatives  in  Washington. 

This  was  referred  without  debate  to  the  Council  for  considen- 
tion  and  report  at  the  December  meeting  as  to  the  advisability 
of  the  Society  adopting  it. 

A  paper  on  **The  Reduction  Products  of  Dehydromndc  Add" 
was  read  by  A.  S.  Wheeler  and  discussed  by  W.  A.  Noyes. 
The  following  papers  were  then  presented  by  their  authors : 

**  The  Detection  of  Coal-tar  Dyes  in  Food  Products,"  by  A. 
L.  Winton. 

*'  Estimation  of  Pat  in  Sweetened  Condensed  Milk,"  by  Joseph 
F.  Geisler. 

**  Some  Analyses  of  Milk  and  Cream,  with  Reference  to  the 
Condition  of  Fat  Globules,"  by  H.  C.  Sherman. 

'*  The  Action  of  Various  Preservatives  upon  Cider/'  by  EH. 
S.  Bailey. 

*  *  The  Determination  of  the  Formulas  of  the  HydrocarboDS 
and  Chlorine  Derivatives  in  Pennsylvania,  California,  Japanese 
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and  Canadian  Petroleum  by  Molecular  Refraction/'  by  Charles 
F.  Mabery  and  O.  J.  Sieplein. 

'  *■  The  Sulphur  Compounds  and  their  Oxidation  Products  and 
the  Unsaturated  Hydrocarbons  in  Canadian  Petroleum,"  by 
Charles  F.  Mabery  and  W.  O.  Quayle. 

*  *  Composition  of  the  Hydrocarbons  in  Pennsylvania  Petro- 
leum,  Liquids  and  Solids  above  216**,'*  by  Charles  F.  Mabery. 

'*  Composition  of  the  Hydrocarbons  in  California  Petroleum, 
Liquids  and  Solids,"  by  Charles  F.  Mabery. 

"  Composition  of  the  Nitrogen  Compounds  in  California  Petro- 
leum," by  Charles  F.  Mabery. 

**  The  Chlorine  Derivatives  of  the  Hydrocarbons  in  California 
Petroleum,"  by  Charles  F.  Mabery  and  O.  J.  Sieplein. 

The  meeting  was  then  adjourned  till  2.30  p.m. 

Afternoon  Session, — The  afternoon  session  was  called  to  order 
at  2.30  P.M.  at  the  Chemists'  Club. 

The  secretary  called  attention  to  the  death  of  Mrs.  Rachel 
Lloyd,  a  former  member  of  the  Society,  and  moved  that  Dr.  C. 
P.  Mabery  be  requested  to  prepare  a  suitable  memorial  to  be 
printed  in  the  Journal.     The  motion  was  passed  unanimously. 

The  committee  appointed  to  prepare  a  memorial  on  the  late 
Professor  Bunsen  presented  its  report  by  title.  The  report  was 
referred  to  the  Committee  on  Papers  and  Publications. 

After  some  announcements  the  following  papers  were  read  : 

*'  Experimental  Demonstration  of  the  Manufacture  of  Sul- 
phuric Acid"  (by  the  Contact  Process),  by  Charles  L.  Reese 
and  G.  C.  Stone. 

**  Production  of  Caustic  Soda  and  Bleaching-powder  by  Elec- 
trolysis," by  Hugh  K.  Moore. 

**  The  Incubator  Test  for  Determining  the  Purity  of  Sewage 
Effluents,"  by  Leonard  P.  Kinnicutt. 

**  Bacterial  Action  in  the  Purification  of  Sewage  by  Chem- 
icals," by  lyconard  P.  Kinpicutt. 

*'An  Experimental  Study  of  the  Gas-producing  Power  of 
Bacillus  Coli  Communis  under  Different  Conditions  of  Environ- 
ment," by  Mary  Engle  Pennington  and  G.  C.  Kiisel.  This 
paper  was  read  by  Dr.  Pennington  and  discussed  by  Messrs. 
Harper  and  Doremus. 
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The  secretary  moved  that  Professor  Kdward  W.  Morley,  d 
Cleveland,  Ohio,  and  Professor  Wilhelm  Ostwald,  of  Leipzig, 
Germany,  be  elected  honorary  members  of  the  Society.  The 
motion  was  adopted  unanimously. 

After  the  reading  of  a  "  Note  on  the  Landsberger-McCor 
Apparatus/*  by  W.  D.  Bancroft,  and  a  paper  on  **  The  ActioB 
of  Potassium  Hydroxide  on  Chloroform,"  by  A.  P.  Saunders, 
read  by  Prof.  Bancroft,  and  some  announcements,  the  Twenty- 
first  General  Meeting  of  the  Society  was  adjourned  sin€  die. 

WEDNESDAY. 

At  7  P.M.  on  Wednesday,  June  27,  the  chemists  enjoyed  a 
dinner  at  Hotel  Majestic.  On  account  of  the  unpromising 
weather  the  dinner  was  in  the  dining  hall  of  the  hotel,  instead 
of  being  upon  the  roof  garden  as  had  been  contemplated. 

Dr.  Charles  F.   McKenna  presided  and  acted  as  toast-master. 

Toasts  were  responded  to  by  President  William  McMuitrie, 
Prof.  L.  O.  Howard,  permanent  secretary  of  the  A.A.A.S.,  ProL 
Jas.  Lewis  Howe,  vice-president  A.  A.  A.  S.,  Section  C,  Dr. 
Mary  Engle  Pennington,  Prof.  Elihu  Thomson,  Dr.  Charies 
Baskerville,  Prof.  B.  W.  Kilgore,  and  Dr.  L.  P.  Kinnicntt. 

Albert  C.  Hale,  Secrdaty. 

BOARD  OF  DIRECTORS. 

The  Board  of  Directors  of  the  American  Chemical  Society  met 
at  the  Chemists'  Club,  New  York  City,  at  9.45  p.m.,  June  25. 
1900.  There  were  present  Messrs.  McMurtrie,  Hale,  Hallock, 
Doremus,  and  Smith. 

The  sum  of  fifty  dollars,  or  so  much  thereof  as  may  be  neces- 
sary, was  appropriated  from  funds  of  the  Society  not  otherwise 
appropriated  for  the  purpose  of  preparing  a  card  catalogue  for 
the  library. 

The  librarian  was  authorized  to  expend  a  sum  not  exceeding 
twenty-five  dollars  for  new  shelving  for  the  library. 

The  sum  of  fifteen  dollars  and  fifty-five  cents  was  appropmted 
to  reimburse  the  expenses  of  the  president  in  going  to  Washing- 
ton to  appear  before  the  Committee  of  Congress  upon  the  ques- 
tion of  establishing  a  National  Standards  Bureau. 
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The  president  of  the  Society  was  authorized  to  take  from  the 
library  temporarily  such  material  as  he  may  wish  to  use  in  pre- 
paring a  review  of  the  progress  of  industrial  chemistry. 

It  was  ordered  that  the  insurance  on  the  library  be  kept  suffi- 
cient to  cover  the  current  stock  of  Journals  on  hand  from  time  to 
time. 

The  Board  then  adjourned. 

Albert  C.  Hale,  Secretary, 

COUNCIL. 

A  meeting  of  the  Council  of  the  American  Chemical  Society 
was  held  in  Room  311,  Havemeyer  Hall,  Columbia  University, 
New  York  City,  at  4.15  p.m.,  Monday,  June  25,  1900. 

There  were  present  Messrs.  McMurtrie,  Catlin,  Doremus,  Hale, 
Hallock,  Hart,  Hillebrand,  Kinnicutt,  Long,  Mabery,  Mathews, 
McPherson,.  Munroe,  A.  A.  Noyes,  W.  A.  Noyes,  E.  E.  Smith, 
and  Venable. 

The  minutes  of  the  December  meeting,  as  already  printed  in 
the  Journal,  were  approved. 

The  president  gave  a  brief  review  of  the  present  condition  and 
needs  of  the  Society,  after  which  the  following  resolution  was 
adopted : 

Resolved^  That  Sections  (i)  and  (2)  of  the  Finance  Com- 
mittee's report  as  adopted  at  the  last  general  meeting  of  the 
Society  be  amended  to  read  as  follows :  8X'£ 

(i)  Before  December  15  of  each  year,  each  oflScer  of  the 
Society  shall  submit  to  the  president  a  schedule  com- 
prising the  estimated  expenses  of  his  office,  in  detail, 
for  the  ensuing  year.  The  president  shall,  in  advance 
of  the  annual  meeting,  submit  these  estimates  to  a 
Committee  on  Estimates,  consisting  of  the  Finance 
Committee,  the  president,  the  secretary,  and  the 
treasurer,  who  shall  consider  them  in  the  relation  to 
the  probable  income  of  the  Society  for  the  ensuing 
year,  and  report  the  result  of  their  deliberations, 
together  with  the  original  estimates,  with  recommen- 
dations of  appropriations  to  the  Council  at  the  annual 
meeting. 

(2)  After  such  report  shall  have  been  submitted,  the 
Council  shall    recommend  such  appropriations  for 
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each  office  as  may  be  deemed  advisable,  and  the 
Directors  shall,  upon  such  recommendation  from  the 
Council,  make  necessary  appropriations  in  accord- 
ance therewith. 

After  some  discussion  regarding  the  question  of  apportionment 
of  the  funds  of  the  Society  for  the  benefit  of  Local  Sections, 
the  following  motion,  presented  by  W.  A.  Noyes,  was  adopted: 

Resolved,  That  the  Council  recommends  that  the  Local  Sec- 
tions be  requested  to  keep  their  expenses  as  low  as  they  deem 
consistent  with  the  best  interests  of  the  Society  in  their  locality; 
also  that  they  be  requested  not  to  draw  funds  from  the  treasory 
except  as  required  for  the  payment  of  bills. 

On  motion  of  Dr.  Mabery,  this  motion  was  reconsidered,  and, 

after  some  discussion,  again  passed  by  the  Council. 

The  following  resolutions  were  also  passed  : 

Resolved,  That  the  president  of  the  Society  be  authorized 
and  directed  to  appoint  a  committee,  of  which  he  himself  shall 
be  chairman,  with  power  to  arrange  for  the  celebration  of  the 
twenty-fifth  anniversary  of  the  foundation  of  the  Society,  which 
will  occur  on  April  6,  1901,  in  conformity  with  the  action  takeo 
by  the  Council  upon  that  subject  at  the  last  general  meeting  of 
the  Society. 

Resolved,  That  the  president  of  the  Society  appoint  a  com- 
mittee of  five,  of  which  he  himself  shall  be  one,  with  power  to 
make  a  new  contract  for  the  printing  of  the  Journal  of  the 
Society. 

The  following  named  gentlemen  were  appointed  to  constitate 
the  Committee  on  Contract :  Messrs.  McMurtrie,  C.  B.  Dudley, 
M.  L.  Griffin,  A.  D.  Little,  and  H.  N.  Stokes. 

The  following  communication  from  the  librarian  was  read  by 
the  secretary  and  ordered  to  be  included  in  the  minutes  of  the 
Council,  and  printed  in  the  Journal : 

New  York,  June  23,  1900. 

Dr,  Wm,  McMurtrie,  President  American  Chemical  Society  : 

Dear  Sir  :  I  submit  the  following  statement  in  response  to 
a  resolution  of  the  Board  of  Directors  of  the  Society  **  that  the 
librarian  be  requested  to  furnish  to  the  Board  of  Directors  a  sur- 
vey of  the  sets  of  the  Journal  now  the  property  of  the  Society 
that  the  same  may  be  scheduled  for  use." 
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There  have  been  lo  issues  of  the  Proceedings  and  216  issues 
of  the  Journal. 

There  are  at  present  in  the  custody  of  the  librarian  3,672  cop- 
ies of  the  Proceedings,  and  44,756  copies  of  the  Journal,  or  a 
total  of  48,428  copies.     These  are  stored  as  follows  : 

Proceedings  in  Garfield  Storage 3f2i3    . 

**  at  Chemists' Club 459  ^ 

3,672 

Journals  in  Garfield  Storage 33>257 

'*  at  Chemists*  Club ii,499 

44.756 

Total  Proceedings  and  Journals  •  •  •  48,428 

These  figures  so  far  as  they  refer  to  the  material  in  the  Gar- 
field Storage  Warehouse  are  based  on  an  inventory  furnished 
me  by  a  former  librarian. 

Of  the  Proceedings,  No.  5  of  Vol.  II  is  out  of  print,  but  of 
the  other  issues  the  number  of  copies  ranges  from  100  in  the 
case  of  Vol.  I,  No.  i,  to  672  in  that  of  Vol.  II,  No.  2. 

The  issues  of  the  Journal  of  which  we  have  less  than  50  cop- 
ies each  are  as  follows  : 

Copies. 

Vol.  Ill,  single  number  1-6 38 

"      **    number  7 35 

"      *'    single  number  8-12 25 

**    IV,  number  12 48 

**    V,  single  number  2-3 48 

**    VI,    **  "        1-2 26 

"      '*  number  3 18 

««      **        **       4 30 

**    XVII,  number  10 34 

"    XVIII,      "         6 43 

••    XX,  •*         3.... 42 

Or  there  are  1 1  issues  of  which  we  have  less  than  50  copies 

each.     In  addition  to  these  there  are  : 

31  issues  of  which  we  have  from   50  to  100  copies  each. 
132     •*      "      "        "      *'       '*      100  to  250      ** 
24     •*      *'      **        *'      *•       '*     25010500      "  ** 

18     "      **      **        **      "    over  500  copies  each. 

It  appears,  therefore,  that  at  the  present  time  we  can  not  fur- 
nish a  set  of  the  Proceedings,  and  can  furnish  only  eighteen  sets 
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of  the  Journal.     In  view  of  this  fact,   I  would  suggest  that  at 
least  ten  sets  of  the  Journal  be  reserved  to  be  sold  only  in  sets. 

It  will  be  noticed  from  the  foregoing  statement  that  nearly 
one-fourth  of  our  entire  stoek  of  Proceedings  and  Journals  is 
stored  at  the  Chemists'  Club  in  55th  St.  The  library  is  covered 
by  insurance,  but  so  far  as  I  know  the  stock  of  Journals  is  not 
I  would  suggest  that  a  special  policy  be  taken  out,  the  amount 
of  which  shall  be  increased  monthly  or  bimonthly  by  a  sum 
sufficient  to  cover  the  issues  received  in  the  meantime,  less  those 
disposed  of. 

The  stock  of  Journals  stored  at  the  Chemists*  Club  is  deposited 
in  a  room  which  the  librarians  of  the  Society  have  simply  appro- 
priated without  any  action  on  the  part  of  the  Trustees  of  toe 
club  granting  the  use  of  such  room.  The  club  may  at  any  time 
require  this  space,  in  which  event  it  would  be  necessary  for  the 
librarian  to  find  other  storage  for  these  Journals.  I  would  there- 
fore recommend  that  the  Council  be  requested  to  take  such  action 
as  may  be  necessary  either  to  rent  from  the  club  the  room  at  pres- 
ent used  by  the  Society,  or  to  procure  storage  elsewhere.  The 
space  available  in  this  room  will  probably  answer  our  require- 
ments for  two  or  three  years,  at  the  end  of  which  time  our  supply 
of  certain  issues  will  doubtless  be  so  much  reduced  as  to  make  it 
necessary  for  the  Society  to  determine  whether  the  present  policy 
of  carrying  a  stock  of  each  issue,  with  the  necessity  of  reissuing 
certain  numbers  from  time  to  time,  be  continued,  or  whether  it 
may  not  be  advisable  to  abandon  the  present  plan,  and  to  supply 
the  Journals  only  so  long  as  the  first  issue  lasts. 

Yours  truly, 

E.  G.  Love,  Librarian. 

It  was  ordered  that  the  eighteen  sets  of  the  Journal  now  avail- 
able be  reserved  to  sell  intact  as  sets. 

The  matter  of  the  storage  of  the  numbers  of  the  Journal  was 
referred  to  the  committee  authorized  to  make  a  new  contract  for 
printing  the  Journal. 

The  following  motions  with  reference  to  the  library  were 
adopted : 

Resolved,  That  a  card  catalogue  of  the  library  be  prepared 
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under  the  direction  of  the  librarian  as  soon  as  the  work  can  be 
conveniently  accomplished,  and  that  the  Directors  be  requested 
to  appropriate  for  such  purpose  the  sum  of  fifty  dollars,  or  so 
much  thereof  as  may  be  necessary,  from  funds  of  the  Society 
not  otherwise  appropriated. 

Resolved,  That  the  Directors  be  requested  to  appropriate  a 
sum  not  exceeding  twenty-five  dollars  to  furnish  new  shelving 
for  the  library. 

Resolved,  That  a  committee,  consisting  of  the  librarian  and 
two  other  members  of  the  Society,  be  appointed  with  power  to 
eliminate  useless  matter  from  the  library. 

Upon  motion  of  Dr.  Hart,  the  Committee  on  Abstracts  was 
discharged.  The  following  resolution  was  then  presented  and 
adopted : 

Resolved,  That  a  committee  of  five  be  appointed  by  the 
chair  to  report  at  the  annual  meeting  upon  the  advisability  of 
preparing  a  title  index  of  papers  for  the  Journal. 

The  following  motion  was  adopted  : 

Moved,  That  all  nominees  to  membership  up  to  the  close  of 
this  meeting  be  considered  as  acted  upon  by  the  Council,  and 
the  secretary  shall  declare  them  elected  whenever  all  the  other 
requirements  of  the  constitution  in  regard  to  them  as  nominees 
shall  have  been  met. 

A  communication  from  Mr.  Ewell,  chairman  of  the  Committee 
on  Standards  for  Instruments  of  Measure,  was  presented,  show- 
ing briefly  what  that  committee  has  already  accomplished. 

Prof.  John  H.  Long  presented  a  communication  from  the 
Chicago  Local  Section  inviting  the  Society  to  hold  its  winter 
meeting  in  Chicago.  He  most  heartily  urged  the  acceptance  of 
the  invitation  which  was  renewed  this  year,  and  showed  that 
while  Chicago  acquiesced  last  year  in  the  decision  that  it  was 
best  for  the  Society  to  hold  its  winter  meeting  then  in  New  Ha- 
ven, yet  this  year  he  hoped  that  nothing  would  prevent  the  accept- 
ance of  the  invitation,  which  was  cordially  renewed  for  the  winter 
of  1900. 

Upon  motion,  it  was  resolved  that  the  cordial  invitation  ex- 
tended by  the  Chicago  Section  to  hold  the  next  general  meeting 
in  the  city  of  Chicago  be  and  the  same  is  hereby  accepted  with 
much  pleasure.     It  was  also  resolved  that  the  meeting  be  held 
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during  the  last  week  in  December,   and  that  the  exact  date  ior 
the  meeting  be  fixed  by  the  president  and  secretary. 

After  some  discussion  regarding  qualifications  for  member- 
ship, it  was  voted  that  the  Committee  on  Membership  be  re- 
quested to  adopt  a  more  liberal  interpretation  of  that  portion  oi 
the  constitution  which  treats  of  this  subject. 

After  some  discussion  of  some  other  matters,  upon  which  no 
action  was  taken,  the  Council  adjourned. 

Albert  C.  Hale,  Secretary. 

COMMITTEE  ON  TWENTY-FIFTH  ANNIVERSARY. 

Wm.  McMurtrie,  Chairman. 

Albert  C.  Hale,  Secretary. 
H.  C.  Bolton,  A.  A.  Noyes, 

C.  L.  Jackson,  C.  E.  Munroe. 

J.  H.  Long,  C.  F.  Chandler, 

Charles  Baskerville,  S.  W.  Johnson, 

W.  L.  Dudley,  A.  B.  Prescott. 

H.  H.  Nicholson,  Ira  Remsen, 

W.  B.  Rising,  E.  W.  Morley. 

W.  P.  Mason,  C.  B.  Dudley, 

G.  F.  Barker,  C.  A.  Goessmann, 

J.  W.  Mallet,  Henry  Morton, 

Jas.  Lewis  Howe,  C.  A.  Doremus, 

J.  H.  Appleton. 

COMMITTEE  TO  ELIMINATE  USELESS  MATTER  FROM  LIBRARY. 

E.  G.  Love,  E.  E.  Smith. 

A.  P.  Hallock. 

COMMITTEE  ON  TITLE  INDEX. 

Wm.  McMurtrie,  A.  A.  Noves, 

W.  A.  Noyes,  C.  F.  Mabery, 

C.  E.  Munroe. 

NAMES   PROPOSED  FOR    MEMBERSHIP. 

Clark,  Alfred  N.,  Agricultural  College,  Mich. 
Harrington,  Charles,  Harvard  Med.  School,  Boston,  Mass. 
Harris,  Isaac  F.,  Chapel  Hill,  N.  C. 

Jurgensen,  Dr.  Rolof,  care  of  Dr.  Jiirgensen  and  Bausch/icher. 
Techn. -Bureau  fiir  die  Chera.- Industrie,  Prag-Zizkov,  Austria. 
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Shepard,  C.  H.,  Pinole,  Contra  Costa  Co.,  Cal. 
Smith,  Lyman  G.,  Roxbury  High  School,   Warren  St.,  Bos- 
ton, Mass. 

Smith,  Thorn,  Isabella,  Polk  Co.,  Tenn. 
Wainwright,  John  W.,  177  W.  83rd  St.,  N.  Y.  City. 
Young,  Clare  C,  518  Alvarado,  Los  Angeles,  Cal. 

NAME  PROPOSED  FOR  ASSOCIATE  MEMBERSHIP. 

Medcalf,  George  T.,  Box  280,  Eureka,  Humboldt  Co.,  Cal. 

NEW  MEMBERS  ELECTED  JUNE  26,   I9OO. 

Allen,  Richard  F.,  Hart  Park,  West  New  Brighton,  S.  I.^N.Y. 

Hancock,  Wm.  J.,  Erasmus  Hall  High  School,  Brooklyn,  N.Y. 

Logan,  Lily,  Howardsville,  Va. 

Norton,  (Mrs.)  Alice  P.,  47  Hancock  St.,  Auburndale,  Mass. 

Richards,  Alfred  N.,  437  W.  59th  St.,  N.  Y.  City. 

Sundstrom,  Carl,  Solvay  Process  Co.,  Detroit,  Mich. 

Sundstrom,  Karl  J.,  Trenton,  Mich. 

Taylor,  Thomas  M.,  Oberlin,  O. 

Torrey,  Joseph,  Jr.,  8  Avon  St.,  Cambridge.  Mass. 

Waddell,  John,  School  of  Mining,  Kingston,  Ontario. 

ASSOCIATES  ELECTED  JUNE  26,   19OO. 

Prelzfeld,  Chas.  J.,  121 1  Madison  Ave.,  N.  Y.  City. 

NEW  MEMBERS  ELECTED  JULY  20. 

Boiling,  Randolph,  V.  I.  C.  &  C.  Co.,  Radford  Blast  Fur- 
nace, Radford,  Va. 

Brown,  Walter  B.,  Nelson  Morris  &  Co.,  U.  S.  Yards,  Chi- 
cago, 111. 

Diehl,  Oscar  C,  Parke,  Davis  &  Co.,  Detroit,  Mich. 

Hall,  Everett,  J.,  Passaic,  N.  J. 

Hillyer,  Homer  W.,  Madison,  Wis. 

Kniffen,  Frederick,  Indian  Head,  Ind. 

Lucas,  Alfred,  Survey  Dept.,  Public  Works  Ministry,  Cairo, 
Egypt. 

Lyons,  Philip  D.,  Md.  Steel  Co.,  Sparrows  Point,  Md. 

Nathan,  Albert  F.,  603  Mumford  Court,  Kansas  City,  Mo. 

Reid,  E.  Emmet,  College  of  Charleston,  Charleston,  S.  C. 

Root,  W.  W.,  186  Eugenie  St.,  Chicago,  111. 

Sears,  Frederick  S.,  St.  Paul's  School,  Concord,  N.  H. 

Seward,  George  O.,  Holcomb  Rock,  Va. 
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Walker,  Claude  F.,  Calumet,  Mich. 

Wiley.  Walter  B.,  Bramwell,  W.  Va. 

Willcox.  Frank  A.,  Oakland,  Bergen  Co.,  N.  J. 

ASSOCIATES  BISECTED  JULY  20,   19OO. 

Calvert,  Joseph  E.,  Etna,  Allegheny  Co..  Pa. 
Condit.  Louis  C,  139  Lafayette  Ave.,  Brooklyn,  N.  Y. 
Kohnstamm,  LothairS.,  133  E.  71st  St.,  N.  Y.  City. 
Thomas,  T.  Lewis,  71  Broadway,  N.  Y.  City. 
Warren,  Robert,  S.  6th  St.,  Terre  Haute,  Ind. 

CHANGES    OF   ADDRESS. 

Archibald,  E.  H.,  Harmony,  Colchester  Co.,  Nova  Scotia. 
Enright,  Bernard,  330  E.  4th  St.,  So.  Bethlehem,  Pa. 
Johnson,  Treat  B.,  Westville,  Conn. 

Langmuir,  A.  C,  care  of  Mark  &  Rawolle,  9  Van  Brunt  St.. 
Brooklyn.  N.  Y. 

Lipman,  J.  G.,  Woodbine,  N.  J. 

Quinan,  W.  R.,  Guardian  Bldg,  Cape  Town,  So.  Africa. 

Rising,  H.  R.,  39  S.  loth  St.,  Newark,  N.  J. 

Rolfe,  Geo.  W.,  i  Cleveland  St.,  Cambridge,  Mass. 

Scherr,  E.  W.,  230  W.  113th  St.,  New  York  City. 

Shorey.  Edmund  C,  Box  360,  Honolulu,  H.  I. 

Walker,  Percy  H.,  416  McClury  St..  Huntsville,  Ala. 
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NAMBS  PROPOSED  FOR  MEMBERSHIP. 

Hegeman,  John  W. ,  102  Barbey  St.,  Brooklyn,  N.  Y. 
Hooper,  Everett  D.,  10  Studio  Building,  Boston,  Mass. 
Porter,  Horace  C,  902  Locust  St,  Kansas  City,  Mo. 

CHANGES  OF  ADDRESS. 

Enright,  Bernard,  330  E.  4th  St.,  South  Bethlehem,  Pa. 
Goldstein,  Harris,  care  J.  W.  Preston,  Tyler  St.,  Depew,  N.  Y. 
Hibbard,  P.  L.,  525  Clayton  St.,  Waukegan,  111. 
Kendall,  E.  Dwight,  1109  Park  PI.,  Brooklyn,  N.  Y. 
Leach,  Miss  Mary  F.,  74  Pitcher  St.,  Detroit,  Mich. 
Lenher,  Victor,  Univ         '*^    ,  Madison,  Wis. 
Stursberg,  J.  A.,  care  Vv . '  Stursberg,   Schell   &  Co.,  79-81 
Leonard  St.,  N.  Y.  City. 

Thompson,  Firman,  New  Carlisle,  O. 

"      \  J.  V.,*Pekin,  111. 

« 

,^  ADDRESS   WANlV^iD. 

Welt,  Miss  Ida,  formerly  of  814  Lexington  Ave.,  N.  Y.  City. 


MEETINGS  OF  THE  SECTIONS. 

*  RHODE  ISLAND  SECTION. 

The  annual  meeting  of  the  Rhode  Island  Section  of  the  Ameri- 
can Chemical  Society  was  held  June  13,  1900,  at  Kingston,  R.  I. 

The  Section  was  entertained  by  Dr.  J.  H.  Washburn,  presi- 
dent of  the  Rhode  Island  College  of  Agricultural  and  Mechan- 
ical Arts. 
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The  following  officers  of  the  Section  were  elected  for  the  year 
1900-1901  : 

Presiding  Officer.  Walter  M.  Saunders  ;  Secretary  and  Treas- 
urer, Walter  E.  Smith  ;  Member  of  the  Executive  Committee, 
Charles  M.  Perry.  waltbr  e.  smith,  Semnrj 
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NAMES  PROPOSED  FOR  MEMBERSHIP. 

Hicks,  Walter  T.,  300  S.  Broadway,  Los  Angeles,  Cal. 
Johnson,  Charles  M.,  701  Orchard  St.,  Avalon,  Pa. 
Rademacher,  Hermann  A.,  Box  243,  Lawrence,  Mass. 
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ROBtIRT  WILHELH   BUNSEN. 


PROFESSOR  R.  W.  BUNSEN. 

The  committee^  appointed  at  the  Columbus  Meeting  of  the 
American  Chemical  Society  to  draw  up  a  memorial  upon  the  late 
Professor  R.  W.  Bunsen,  an  honorary  member  of  the  Society 
during  nearly  the  whole  period  of  its  existence,  presents  the  fol- 
lowing as  a  tribute  of  the  Society  and  of  American  chemists  gen- 
erally to  the  life,  character,  and  works  of  that  great  man  and 
eminent  chemist. 

Robert  Wilhelm  Kberhard  Bunsen  was  bom  in  Gottingen  on 
March  31,  181 1.  Among  his  ancestors  one  of  the  most  promi- 
nent was  Jeremiah  Bunsen,  who  lived  in  Arlosen,  1688-1752, 
and  was  Hofmaler,  Miinzmeister,  and  Biirgermeister  there.  He 
was  a  great  admirer  of  natural  science,  and  himself  published 
certain  writings  on  electricity,  magnetism,  the  Northern  I^ights, 
etc. 

Little  is  known  of  Robert  Bunsen's  childhood  and  youth.  He 
was  the  youngest  of  four  sons  of  Christian  Bunsen,  librarian  and 
professor  of  philology  in  the  University  of  Gottingen.  The  father 
was  a  man  of  cheerful  disposition  and  a  ready  sense  of  humor. 
His  mother  was  the  daughter  of  a  British  officer  of  Hanover, — 
Quensel, — a  woman  possessed  of  depth  of  mind  and  heart.  It  is 
not  difficult  to  see  that  some  of  the  characteristics  of  both  parents 
were  freely  transmitted  to  the  son.  As  a  boy,  Bunsen  is  said  to 
have  been  of  a  quick  and  violent  temper,  which  his  mother  only 
knew  how  to  control,  but  those  who  knew  the  man  could  scarcely 
be  brought  to  give  credence  to  such  rumor.  If  true,  however, 
how  great  must  have  been  the  self-mastery  that  changed  him  into 
the  serene  and  quiet  man  of  his  mature  years  !  At  home  Bun- 
sen had  excellent  opportunities  to  learn  languages  other  than  his 
native  tongue,  from  the  number  of  foreign  youths,  especially 
French,  who  frequently  visited  his  parents  and  sometimes  lived 
in  the  family.  This  was  a  very  fortunate  circumstance  and  early 
became  of  great  practical  utility  to  him.  At  the  age  of  seven- 
teen he  passed  his  matriculation  examination  for  the  University, 
and  when  nineteen  took  the  degree  Doctor  of  Philosophy.  He 
had  a  good  classical  education  and  even  to  his  old  age  was  fond 
of  reading  Cicero  and  other  Latin  authors  in  the  original.  In 
1830  he  won  an  academic  prize  for  an  exhaustive  enumeration 
and  description  of  hygrometers,  written  in  elegant  Latin.  This 
paper  seems  also  to  have  served  as  his  inaugural  dissertation  upon 
the  attainment  of  his  doctor's  degree. 

At  the  University  he  was  quiet  and  retiring  and  took  but  little 

1  The  committee  has  made  free  use  of  every  available  source  of  informatiofi  re^rd- 
ing  Professor  Bunsen.  and  has  endeavored  to  give  credit  for  all  important  quotations, 
although  it  has  not  seemed  necessary  to  indicate  with  quotation  marks  simple  data  of 
statistics  and  facts. 
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part  in  what  is  generally  understood  as  student  life.  He  was 
full  of  good  humor,  however,  and  a  diligent  and  enthusiastic 
student.  His  special  subjects  of  study  were  physics,  chemistry 
under  Stromeyer,  mineralogy  and  geology  under  Hausmann,  and 
mathematics  under  Gauss.  He  was  especially  fond  of  geognostic 
studies  and  made  frequent  excursions  in  the  vicinity  of  Gottingen 
and  in  the  Harz.  These  excursions  for  practical  study  and 
observation  he  began  even  before  he  entered  the  University. 

In  May,  1832,  Bunsen  undertook  an  extended  tour  for  the 
sake  of  broadening  his  scientific  information  and  culture.  He 
went  to  Berlin,  Paris,  and  Vienna,  making  a  large  portion  of  the 
journey  afoot,  visiting  chemical  manufactories  and  other  works 
at  various  points  en  route,  and  taking  many  opportunities  to 
extend  his  geognostic  observations.  During  this  tour  he  formed 
the  acquaintance  of  many  of  the  leading  scientists  of  his  day,  and 
enjoyed  more  or  less  intimate  association  with  a  number  of  them. 
He  met  Runge,  Gustav  and  Heinrich  Rose,  and  Mitscherlich, 
and  was  with  the  latter  for  three  weeks  pursuing  geognostic 
studies  in  the  Eifel.  In  Giessen  he  met  Liebig  and  Wohler,  and 
in  Paris  Pelouze,  Regnault,  Brogniard,  and  others.  Hestudied 
the  mineral  and  geological  collections  of  Weiss  and  for  a  time 
worked  in  the  laboratory  of  Heinrich  Rose.  It  was  under  the 
advice  of  Rose  that  he  went  to  Paris.  While  in  Paris  he 
attended  a  session  of  the  Academy  at  which  Chevreul,  then  at 
the  summit  of  his  fame,  presented  a  paper  upon  cholera  and  its 
treatment.  At  this  session  also  it  was  announced  that  Ampere 
had  found  in  hydrofluoric  acid  a  specific  for  combatting  the  dis- 
ease. Bunsen,  through  the  recommendation  of  prominent 
scientists,  gained  admission  to  the  Polytechnic  School,  where  he 
attended  a  course  of  lectures  during  the  winter  semester,  1832- 
1833.  He  made  no  attempt  to  attend  lectures  in  Berlin  and 
Vienna,  but  preferred  to  extend  his  scientific  knowledge  and 
opportunities  by  acquaintance  and  association  with  the  learned 
men  whom  he  met.  In  this  he  succeeded  to  a  remarkable  degree, 
and  he  dated  a  life- long  acquaintance  and  deep  friendship  with 
Heinrich  Rose,  Mitscherlich,  and  others  from  this  tour.  He 
remained  in  Paris  from  the  last  of  September  till  the  middle  of 
May  and  then  went  to  Vienna  vtiz  Innsbruck  and  Salzburg. 
His  stay  in  Vienna  lasted  about  six  ^veeks,  after  which  he 
returned  to  Gottingen,  stopping  on  his  way  at  Prague,  Freiberg, 
and  Leipsic. 

The  object  of  Bunsen's  tour  had  been  most  successfully 
attained.  He  had  come  into  personal  acquaintance  with  great 
scientists  of  Europe,  and  by  their  aid  and  friendship  had  had 
opportunities  for  the  study  of  theoretical  and  applied  science, 
which  helped  to  lay  broad,  deep,  and  solid  the  foundation  upon 
which  his  success  and  fame  were  to  be  built.     Already  he  was  a 
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marked  man  and  many  eyes  were  looking  toward  his  future. 
Returning  to  Gottingen,  he  became  privatdocent  in  1833,  ^^^ 
after  three  semesters,  upon  the  death  of  Stromeyer,  he  conducted 
the  lectures  at  the  University  upon  theoretical  and  practical 
chemistry.  His  popularity  was  great,  as  was  shown  by  the  num- 
ber of  students  in  attendance.  In  January,  1836,  Wohler  was 
called  to  become  the  successor  of  Stromeyer,  at  Gottingen,  and 
Bunsen  was  appointed  Wohler's  successor  as  professor  of  chem- 
istry in  the  Polytechnic  School  at  Kassel.  This  institution  had 
long  been  known  for  the  character  and  standing  of  its  professors, 
and  Bunsen  did  his  part  in  sustaining  its  reputation.  He  entered 
upon  his  work  at  Kassel  with  great  vigor  and  made  an  enviable 
record  during  the  short  period  of  his  stay  there. 

In  1838,  Bunsen  accepted  a  call  to  the  University  of  Marburg, 
where  he  remained  thirteen  years  as  professor  and  director  of 
the  chemical  laboratory.  In  1851,  he  went  to  the  University  of 
Breslau,  where  he  planned  a  famous  working  laboratory,  and  the 
next  year  he  accepted  a  call  from  Heidelberg,  at  that  time  the 
goal  of  every  German  professor's  ambition,  and  '^  the  ne  plus 
ultra  of  his  promotion.''  Here  he  planned  a  new  laboratbry 
which,  when  completed  in  1855,  was  the  largest  in  all  Germany, 
furnishing  working  places  for  fifty  students.  Here  it  was  that 
students  from  all  quarters  of  the  world  thronged  and  crowded 
upon  one  another  to  secure  the  opportunity  of  attending  the  lec- 
tures and  obtaining  personal  instruction  in  laboratory  practice 
and  research  from  the  now  renowned  professor.  Bunsen 
remained  at  Heidelberg  until  the  day  of  his  death,  repelling  all 
overtures  from  Berlin  when  the  German  government  was  putting 
forth  its  most  strenuous  efforts  to  make  the  university  of  that 
city  the  greatest  seat  of  learning  in  all  Europe.  He  retired  from 
active  work  in  1889,  having  filled  the  position  of  teacher  for 
more  than  fifty  years,  during  which  period  all  his  important  work 
as  a  scientist  was  also  accomplished.  His  death  occurred  August 
16,  1899. 

In  1834,  Bunsen,  in  conjunction  with  his  colleague  Berthold, 
published  the  results  of  his  first  scientific  investigation,  and  by 
that  means  conferred  a  lasting  boon  upon  humanity.  He 
announced  that  moist,  freshly  precipitated  ferric  hydroxide  is  a 
sure  antidote  in  cases  of  arsenical  poisoning,  providing  it  is 
given  early  enough  and  in  sufficient  quantity.  This  paper  at 
once  attracted  wide  attention  on  account  of  the  great  and  per- 
manent importance  of  the  remedy  which  is  to-day  almost  uni- 
versally known  and  accessible. 

In  1835,  Bunsen  investigated  some  of  the  compounds  which 
the  double  cyanides  form  with  ammonia.  He  measured  the 
angles  of  the  crystals  which  many  of  the  cyanides  form  and  estab- 
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lished  certain  facts  contrary  to  the  general  belief  regarding  theie 
compounds.  He  showed,  e,  g.^  that  ammonium  ferrocyanide  is 
not  produced  by  boiling  Prussian  blue  with  ammonia,  but  by 
digesting  ammonium  carbonate  with  lead  ferrocyanide. 

Closely  following  these  early  investigations  came  Bunsen's 
important  researches  upon  the  cacodyl  series  of  organic  com- 
pounds, which  contributed  largely  to  the  establishment  of  the 
theory  of  compound  radicals  and  gave  to  the  world  the  first 
example  of  an  organo- metallic  body,  or,  as  Bunsen  called  it,  "a 
true  organic  metal.*'  These  researches  covered  a  period  of  five 
years,  from  1837  ^^  1^42,  and  constituted  his  only  great  and 
important  excursion  into  the  field  of  organic  chemistry*  The 
preparation  and  study  of  the  properties  of  cacodyl  were  attended 
with  the  greatest  risks  ;  the  safety  and  even  the  life  of  the  inves- 
tigator were  in  almost  constant  jeopardy.  '*  One  cannot  read 
the  memoirs  describing  the  preparation  of  this  compound  with- 
out being  impressed  with  the  difficulty  of  the  task,  the  attendant 
danger,  and  the  ingenuity  displayed  in  conducting  the  investiga- 
tions." **  A  highly  poisonous  liquid,  very  volatde,  dangerously 
explosive,  spontaneously  inflammable  in  the  air,"  and  insup- 
portably  offensive  to  the  smell,  this  fearful  compound  taxed  all 
the  resources  of  the  investigator  and  proved  to  the  world  the 
stuff  he  was  made  of.  But  even  Bunsen,  '*  with  his  scientific 
acumen  and  unfaltering  determination,  did  not  escape  scot-free 
from  such  a  labor,  for  in  analyzing  the  cyanide  of  cacodyl  the 
combustion-tube  exploded  and  he  lost  the  sight  of  an  eye  and  for 
weeks  lay  between  life  and  death,  owing  to  the  combined  effect 
of  the  explosion  and  the  poisonous  nature  of  the  vapor."  Upon 
regaining  his  strength,  however,  he  continued  his  investigations 
with  unremitting  vigor.  His  patient  persistence  and  courage 
were  sublime,  and  his  superiority  to  conditions  and  emergencies 
and  the  final  results  of  these  labors  convinced  the  world  that  a 
master  hand  and  brain  had  been  engaged  in  wresting  from  nature 
some  of  her  subtlest  secrets. 

At  Marburg,  Bunsen  made  a  study  of  the  chemical  changes 
which  occur  in  the  blast-furnace.  In  1838,  he  proved,  by 
accurate  analyses  of  the  gas  escaping  from  the  furnace  used  in 
connection  with  the  hematite  iron  mines  there,  that  at  least  42 
per  cent,  of  the  heat  from  the  fuel  was  lost  in  the  escaping 
gases.  He  showed  how  these  gases  could  be  collected  and 
utilized  as  fuel  and  thus  far  greater  economy  and  efficiency 
obtained  in  working  the  furnace.  Besides  **  pointing  the  way 
to  a  method  of  economical  working  without  which  probably  but 
few  ironmasters  of  the  present  day  could  exist,"  he  devised 
methods  of  gas  analysis  which  were  far  in  advance  of  those  of 
Priestley,  Cavendish,  Gay-Lussac  and  others  and  which  form 
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the  basis  of  the  exact  gas  analysis  of  to-day.  Roscoe,  in  i8di, 
said  of  this  work:  ''This  important  branch  of  analytical 
chemistry  has  been  created  and  brought  to  its  present  wonderful 
degree  of  precision  solely  by  the  head  and  hands  of  the  Heidel- 
berg experimental  philosopher."  His  investigations  of  gases 
were  not  confined,  however,  to  analytical  methods  and  technical 
applications.  He  did  pioneer  work  also  in  the  study  of  the 
constants  of  gases.  His  researches  on  the  laws  of  gaseous  dif- 
fusion and  their  application  in  gas  analysis,  on  the  phenomena 
of  the  combustion  of  gases,  the  temperature  of  ignition,  meas- 
urements of  specific  gravity,  coefficients  of  absorption,  etc., 
were  conducted  with  characteristic  zeal  and  devotion.  Not  con- 
tent with  the  range  of  his  investigations,  he  visited  Vesuvius  in 
Italy  and  the  volcanic  region  of  Iceland,  and  collected  the  gases 
issuing  forth  from  hot  springs.  With  the  data  he  had  obtained, 
he  formed  his  theory  of  the  inner  construction  of  the  earth, 
volcanic  eruptions,  and  the  action  of  geysers. 

Besides  his  investigations  of  the  gases  and  the  phenomena 
of  volcanic  and  geyser  action,  Bunsen  collected  samples  of 
volcanic  rocks  during  his  trip  to  Iceland,  and  later,  in  1853, 
made  careful  analysis  of  these,  deducing  from  his  results  con- 
clusions upon  which  he  based  his  theory  of  the  composition  of 
volcanic  rocks. 

In  1 84 1,  Bunsen  invented  the  well-known  voltaic  cell  in  which 
carbon  was  substituted  for  the  expensive  platinum  as  the  nega- 
tive electrode.  This  at  once  took  rank  as  the  most  economical 
and  efficient  means  for  obtaining  a  powerful  electric  current, 
and  remained  such  till  the  invention  and  perfection  of  the 
dynamo. 

With  the  aid  of  his  voltaic  cell,  Bunsen  began  investigations 
on  the  electrolytic  reduction  of  magnesium  from  its  chloride. 
By  this  means  he  was  able  to  produce  that  metal  on  a  scale 
never  before  known,  and  by  pressing  it  into  wire  used  it  later  in 
his  investigations  on  the  chemical  activity  of  light.  The  prom- 
inence thus  given  to  this  metal  led  to  its  commercial  production 
soon  afterwards.  A  detailed  account  of  Bunsen's  important 
electrolytic  work  would  be  very  voluminous.  Chromium, 
aluminum,  manganese,  alkalies  and  alkaline  earths  were 
reduced,  and  many  of  the  rare  metals  were  isolated  and  their 
atomic  weights  and  other  constants  so  accurately  established 
that  many  of  these  determinations  are  still  regarded  as  authori- 
tative. The  reduction  of  the  alkaline  earths  was  made  in  con- 
junction with  Dr.  Matthiessen,  and  the  metals  of  the  cerium 
group  were  investigated  with  Norton  and  Hillebrand. 

Bunsen  used  his  voltaic  battery  in  an  entirely  different  way 
also  in  studying  the  properties  of  metals.     He  made  an  arc-light, 
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with  the  different  metals  as  electrodes,  and  analyzed  the  liglxt 
with  a  prism.  In  that  way,  in  1844,  some  years  before  theinveo- 
tion  of  the  spectroscope,  he  obtained  and  described  the  true  line 
spectra  of  various  elements.  For  many  years  after  this, 
Hansen's  Investigations  in  spectrum  analysis  were  interrupted 
by  other  matters,  and  when  he  renewed  his  researches  in  this 
direction,  it  was  with  the  aid  of  the  gas-burner  which  he  had 
meanwhile  devised,  and  later  with  the  additional  aid  of  the 
spectroscope,  the  joint  production  of  the  inventive  genius  of 
himself  and  his  colaborer,  Kirchhoff. 

In  1857,  Bunsen  and  Roscoe  first  described  the  Bunsen 
burner.  This  invention  furnished  a  non-luminous  g^as  flame, 
of  relatively  high  temperature,  in  which  chemical  substances 
could  be  vaporized  and  a  spectrum  obtained  due  to  the  luminous 
vapor.  This  burner  is  now  used  as  a  source  of  heat  in  various 
manufacturing  processes,  and  in  many  households,  and  is  prac- 
tically indispensable  in  all  chemical  laboratories.  With  the 
invention  and  use  of  this  burner,  a  new  impulse  was  given  to 
the  investigation  of  the  spectra  of  the  metals,  and  Bunsen  now 
studied  them  from  their  chlorides,  as  these  were  volatilized  in 
the  colorless  flame  of  the  burner.  Kirchhoff,  professor  of 
physics  at  Heidelberg,  became  associated  with  him  in  these 
researches,  and  dealt  more  especially  with  the  physical  problems 
involved,  while  Bunsen  approached  the  subject  from  the  stand- 
point of  a  chemist  who  was  also  an  expert  in  various  phases  of 
physical  research. 

In  1859,  Bunsen  and  Kirchhoff  perfected  the  spectroscope 
and  continued  their  classical  researches  in  spectrum  analysis, 
among  other  results  discovering  the  metals  caesium  and  rubi- 
dium, the  salts  of  which  were  obtained  in  small  quantity,  but  in 
the  hands  of  Bunsen  in  sufficient  amount  to  enable  him  to 
determine  many  of  the  properties  and  constants  of  these  rare 
metals.  By  evaporating  44,000  kilos  of  the  Diirkheim  mineral 
water  in  which  traces  of  these  two  metals  had  been  found,  he 
obtained  16.5  grams  of  the  mixed  chlorides  of  the  two  new 
metals,  and  with  this  he  succeeded  in  separating  them  and  in 
establishing  their  relationship  so  well  that  his  results  still  stand 
as  practically  correct  and  complete. 

The  invention  of  the  spectroscope,  the  founding  of  the 
science  of  spectrum  analysis,  and  the  important  researches  in 
that  science  which  were  conducted  by  Bunsen  and  Kirchhoff, 
led  to  far-reaching  results  and  were  alone  sufficient  to  place  the 
name  of  each  of  these  investigators  upon  the  pinnacle  of 
enduring  fame.  From  the  record  that  has  already  been  made 
by  this  new  method  of  research,  we  are  warranted  in  saying 
that  it  would  require  the  boldest  flights  of  scientific  imagination 
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to  encompass  the  variety  and  extent  of  the  uses  to  which  the 
spectroscope  may  be  applied  and  of  the  revelations  which  may 
be  expected  from  spectrum  analysis.  In  fact  it  has  already 
thrown  floods  of  light  upon  nearly  every  department  of  the- 
oretical science  and  has  furnished  one  of  the  keenest  and  most 
penetrating  of  instruments  which  man  can  use  in  the  application 
of  science  to  practical  affairs,  and  to  the  investigation  of 
unexplored  fields  of  scientific  research.  A  catalogue  of  its 
revelations  in  optics,  astronomy,  and  chemistry  and  of  its  appli- 
cation in  medical  and  medico-legal  practice  and  in  the  arts  and 
manufactures,  would  be  wearisome  from  the  mass  of  important 
details  it  would  present,  and  we  can  best  leave  this  topic  by 
assuming  that  its  principal  facts  and  outlines  are  to-day  familial 
to  every  well-informed  person. 

Bunsen's  work  in  connection  with  the  spectroscope  and 
spectrum  analysis  constituted  only  a  portion  of  his  researches  upon 
light.  Just  as  the  investigations  of  the  line,  absorption  and 
spark  phenomena  were  of  far-reaching  scientific  importance  and 
have  been  turned  to  practical  account  in  a  great  variety  of 
directions,  so  his  researches  upon  the  chemical  action  of  light 
have  been  regarded  as  **  the  classical  model  for  all  later  investi- 
gations in  the  realm  of  physical  chemistry  *  *  and  have  been  of 
great  practical  value  in  considerations  affecting  pliotography, 
agriculture,  and  various  other  arts  and  industries,  while  his 
method  of  measuring  the  intensity  of  light  from  any  given 
source,  is  of  great  importance  from  a  scientific  standpoint  and 
has  its  valuable  application  in  the  Bunsen  photometer  as  used 
to-day  in  determining  the  candle-power  of  illuminating  gas  and 
the  electric  light. 

The  variety  and  accuracy  of  Bunsen's  analytical  methods  are 
marvelous.  It  has  been  said  that  **next  to  Heinrich  Rose  he 
was  the  greatest  and  especially  the  most  original  analyst  of  his 
time.*'  There  are  those,  however,  who  would  not  make  even 
this  exception  in  favor  of  Rose,  especially  when  Bunsen's 
manipulative  skill,  the  certainty  and  accuracy  of  his  results, 
his  many  ingenious  devices,  and  the  simplicity  of  the  apparatus 
he  designed  for  doing  his  work  are  taken  into  consideration. 
We  have  only  to  mention  his  gasometric  and  volumetric  methods, 
his  flame  reactions,  distinct  from  the  spectrum  analysis,  his 
analyses  of  silicates  and  mineral  waters,  separation  of  arsenic 
and  antimony,  separation  of  the  rare  earths  and  the  metals  of 
the  platinum  group,  to  recall  these  and  scores  of  other  processes 
with  which  every  chemist  is  to-day  familiar,  which  he  employs 
in  his  own  work  whenever  occasion  may  arise  and  for  many  of 
which  no  adequate  substitute  is  yet  known. 

No  important  branch  of  chemistry  remained  unexplored  by 
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Bunsen,  and  his  accomplishments  in  any  one  of  them  alone 
would  have  secured  for  him  abiding  fame.  Organic,  inorganic, 
physical,  analytical,  theoretical,  and  technical  chemistry  veic 
alike  enriched  by  his  researches  and  his  name  is  connected  ib 
some  way  with  our  knowledge  of  almost  every  element  known  ia 
his  day.  Chemical  and  other  scientific  laboratories  to-day  are 
full  of  apparatus  and  contrivances  invented  by  Bunsen,  and  they 
have  become  practically  indispensable  in  many  lines  of  modem 
scientific  research.  No  chemist  or  physicist  now  would  think 
of  carrying  on  his  investigations  without  them.  But  the  realms 
of  chemistry  and  physics  were  not  broad  enough  to  circumscribe 
the  genius  and  labors  of  Bunsen.  He  enriched  every  field  which 
he  entered  as  a  scientific  investigator  and  he  entered  fields  of 
investigation  in  nearly  every  science.  Chemistry,  physics»  and 
mineralogy,  it  is  true,  absorbed  the  greater  portion  of  his  time, 
thought,  and  energy,  but  the  results  he  achieved  in  these  were 
so  fundamental  and  far-reaching  that  astronomy  and  various 
other  branches  of  pure  and  applied  science  reaped  a  full  and 
rich  harvest  as  the  ripened  fruit  of  his  labors. 

It  has  been  said  that  **  it  never  once  happened  to  Bunsen  to 
take  up  any  considerable  research  without  producing  a  dis- 
covery decidedly  brilliant ;  and  he  almost  always  fiung  in  some- 
thing useful  to  boot.*'  This  was  eminently  illustrated  by  his 
researches  on  cacodyl  and  the  discovery  of  ferric  h^'droxide  as  a 
remedy  for  arsenical  poisoning ;  by  his  analysis  of  blast-furnace 
gases,  revealing  the  waste  of  gaseous  fuel  and  pointing  the  way 
to  more  economical  working  through  the  use  of  the  hot  blast 
and  the  development  and  use  of  producer  gas;  and  by  his 
investigations  in  the  realm  of  optics,  leading  to  the  invention  of 
the  spectroscope  and  the  valuable  results  which  have  flowed 
from  spectrum  analysis. 

Bunsen  was  a  scientific  genius  of  the  highest  order,  whether 
we  define  the  term  genius  as  the  capacity  for  work,  or  as  the 
ability  to  perceive  and  recognize  truth  and  bring  to  light  funda- 
mental facts  and  laws  when  buried  beneath  the  rubbish  of  false 
theory  and  tradition  or  concealed  by  a  mass  of  details  which  per- 
mit none  but  the  most  penetrating  intellect  to  discover  them  and 
to  bring  them  to  the  comprehension  of  ordinary  minds  and 
within  the  range  of  ordinary  human  experience.  He  was  not 
himself  very  tolerant  of  theories.  He  said,  in  1871,  to  one  of 
his  pupils,  that  he  had  already  lived  through  three  or  four  sets 
of  theories  and  he  expected  to  see  many  more  before  he  died. 

Bunsen  used  almost  every  discovery  and  investigation  he  made 
as  a  basis  for  further  work,  and  it  seemed  as  though  every  advance 
opened  to  him  vistas  ever  more  and  more  alluring.  The  good 
uses  to  which  he  put  his  battery  and  burner,   the  employment 
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of  magnesium  in  his  investigations  on  light  and  the  thoroughness 
with  which  he  worked  out  the  properties  of  the  metals  he 
reduced,  and  various  data  regarding  them,  all  testify  to  the 
cotDpleteness  and  comprehensiveness  of  his  work.  He  never 
left  much  for  others  to  do  in  the  fields  in  which  he  labored. 
*'  He  left  the  theme  he  chose  completed."  While  following  up 
a  single  line  of  investigation,  he  would  often  stray  into  by-paths 
in  which  he  would  pluck  the  ripened  fruit  with  which  nature 
tempted  him,  and  strengthened  and  inspired  by  that  he  would 
return  with  broader  data  and  fuller  insight  into  the  pain  line 
of  his  investigations  as  a  reward  for  his  little  side  trip.  Many  a 
person  would  have  been  distracted  by  the  varied  secrets  which 
nature  yielded  to  him  at  such  times  and  might  have  been  turned 
from  the  main  subject  of  their  inquiry  by  inviting  side  issues  ; 
but  while  Bunsen  gave  much  attention  to  these,  they  always 
strengthened  him  in  his  main  work  while,  at  the  same  time, 
yielding  abundant  harvests  and  furnishing  both  the  incentive 
and  the  foundation  for  subsequent  investigations  in  kindred 
lines. 

Bunsen's  methods  were  precise,  accurate,  and  thorough.  His 
fondness  for  mathematics  and  his  early  education  under  Gauss 
in  that  direction,  gave  a  decidedly  mathematical  turn  to  all  his 
researches,  and  even  the  simpler  reactions  of  the  chemical 
laboratory  were  regarded  by  him  from  a  mathematical  point  of 
view.  This  method  of  looking  upon  his  work  did  not  in\{est  the 
subjects  with  greater  obscurity,  but  just  the  reverse.  The 
harmonious  and  fundamental  relations  of  mathematics  illumined 
the  whole  subject  he  was  investigating,  and  so  clarified  the 
atmosphere  as  to  render  his  methods  charmingly  simple  and 
accurate.  One  can  hardly  say  whether  his  mind  was  more  suc- 
cessfully inductive  or  deductive  in  its  processes.  There  was  in 
its  working  a  rare  and  happy  facility  in  the  use  of  both,  and 
such  a  combination  of  them  as  rendered  his  investigations 
intuitively  clear  and  direct,  yet  fundamental  and  comprehensive, 
and  such  as  would  satisfy  the  demands  of  formal  deductive 
reasoning.  His  manipulations,  methods  of  analysis,  and  con- 
struction of  apparatus  were  but  the  outward  and  natural  expres- 
sion of  the  operations  of  his  comprehensive  and  penetrating 
intellect. 

Bunsen's  greatness  as  a  man  and  as  a  personal  companion  and 
friend  is  in  no  danger  of  being  eclipsed  by  his  world-wide 
renown  as  a  scientific  investigator,  so  long  as  the  testimony  of 
those  who  knew  him  can  be  called  in  evidence.  Physically  he 
was  over  six  feet  in  height,  of  massive  proportions  and  swarthy 
complexion.  His  personal  address  was  so  cordial  and  unaffected 
and  the  charming  smile  which  illumined  his  features  so  capti- 
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vating  that  all  whom  he  met  were  irresistibly  drawn  to  him  and 
loved  to  linger  in  the  atmosphere  of  his  presence.  His  pupils 
almost  worshiped  him  for  his  genius  and  achievements,  lored 
him  for  his  fatherly  ways  and  his  interest  in  them  and  their 
work,  and  were  frequently  drawn  into  the  closer  relation  dt 
personal  friendship  by  his  generous  nature  and  the  childlii^e 
simplicity  of  his  manner.  In  some  instances  these  relations  weie 
lifelong  and  intimate,  but  whether  circumstances  rendered  this 
possible  or  not,  the  kindliest  feelings  of  affection  for  Bansenasa 
man,  and  a  high  estimate  of  his  genius  as  a  scientist  and  a 
teacher,  were  the  permanent  possession  of  those  who  worked 
with  him  in  the  laboratory  and  attended  his  lectures.  "  In  that 
epoch-making  book  in  literature  and  science  entitled  '  Heat  as 
a  Mode  of  Motion,'  one  of  his  former  pupils  has  recorded  his 
appreciation  of  Bunsen  in  the  following  language:  'To  his 
friend  and  teacher,  Robert  Bunsen,  this  book  is  dedicated  by 
John  Tyndall.' "  Roscoe,  who,  while  a  pupil,  was  verj' inti- 
mately associated  with  Bunsen  in  his  investigations  on  light, 
says:  *'It  is  only  those  who  have  had  the  benefit  of  working 
under  and  with  him  who  can  fully  understand  the  feeling  of 
affection  and  respect  with  which  his  pupils  regard  his  memory." 

From  some  of  his  American  pupils  we  quote  the  following 
expressions  of  appreciation,  reminiscences,  and  estimates  of 
Bunsen  and  his  work  : 

'*  His  name  is  dear  and  sacred  to  us  all.'* 

' '  I  shall  never  forget  his  kindly  patience  and  helpfulness. 
That  sweet  smile  of  his  is  ever  present  with  me.*' 

**  I  shall  always  remember  with  pleasure  his  fatherly  ways  and 
great  interest  in  his  pupils.*' 

*'  I  have  many  of  the  pleasantest  recollections  of  the  dear  old 
gentleman  who  was  most  kind  and  gracious  to  me  both  in  and 
out  of  the  laboratory.** 

**  To  those  whose  good  fortune  it  was  to  become  an  intimate, 
his  nature  unfolded,  and  close  and  devoted  friendships  were 
formed.'* 

"His  unaffected  simplicity,  genial  nature,  and  most  lovable 
disposition  were  marked  characteristics  which  no  one  who  came 
in  contact  with  him  as  a  pupil  could  fail  to  note.  His  interest 
in  the  work  of  his  pupils  was  intense  and  sometimes  manifested 
itself  in  unexpected  ways.  He  was  at  all  times  an  honest,  faith- 
ful, and  earnest  searcher  after  truth,  and  never  seemed  conscioas 
of  any  feeling  of  superiority  over  his  humblest  pupil.  To  know 
him  was  to  love  him.  It  would,  indeed,  be  diflScult  to  tell  which 
feeling  would  be  uppermost  in  one's  memory  of  this  truly  great 
5'et  distinctly  childlike  man — admiration  for  his  achievements 
or  veneration  for  his  character.** 
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*•  Nothing  could  win  a  student's  heart  more  quickly  than  the 
gracious  way  in  which  he  would  initiate  the  beginner  into  flame 
reactions,  except  it  might  be  the  delight  it  gave  him  to  conduct  an 
advanced  student  through  the  mazes  of  a  mineral  water  or  plati- 
num ore  analysis,  or  the  charm  he  would  throw  about  his 
methods  of  exact  measurement,  as  in  the  graduation  of  a 
eudiometer,  the  making  of  an  elaborate  gas  analysis,  the  deter- 
mination of  the  specific  heat  of  a  solid,  liquid,  or  gas,  or  the 
mapping  of  spectra.'* 

'  *  I  could  write  of  the  enthusiastic  reception  of  Professor 
Bunsen  by  his  students  as  he  appeared  at  the  door  of  his  lecture 
room,  the  inspiration  his  presence  made  as  he  gave  suggestions 
at  the  laboratory  tables,  his  marvelous  skill  in  chemical  manipu- 
lations, his  simple,  patient  way  of  illuminating  for  a  student 
what  had  been  an  obscure  subject,  the  crisp  words  of  com- 
mendation for  a  bit  of  good  work  done,  the  feeling  near  to  wor- 
ship that  came  to  his  pupils ;  but  these  facts  are,  I  suppose,  the 
common  knowledge  of  all  his  students." 

*  *  As  a  student  I  felt  I  was  alongside  of  a  kind-hearted  big  boy 
who  knew  immensely  more  than  I  did,  and  was  only  too  anxious  to 
help  me  in  need.  We  felt  he  was  interested  in  our  work  and 
was  not  only  capable  of  assisting  us  but  was  ready  at  a  moment's 
call  to  help  and  to  advise.  I  felt  that  I  was  getting  from  him  far 
more  personal  attention  than  I  deserved.  He  was  one  of  us  in 
in  our  working  hours  and  was  anxious  to  bring  each  labor  to  a 
successful  result.  He  lost  nothing  in  professional  dignity 
thereby.  We  never  presumed  at  familiarity.  To  us  he  was 
ever  Robert  Bunsen,  Geheimrath,  and  we  kept  our  places  *  with 
our  hands  on  our  mouths  and  our  mouths  in  the  dust.'  " 

**  As  to  the  inspiration  I  derived  from  two  semesters  of  close 
contact  with  him,  it  was  worth  all  my  years  elsewhere. " 

**He  was  a  prince  among  teachers,  simple,  plain,  and  clear, 
and  admirable  in  his  experimenting.  The  only  notes  he  used 
were  mathematical  data  written  upon  a  small  blackboard  at  his 
left  hand.  In  the  working  laboratory  he  was  always  patient  and 
gave  us  personally  a  great  deal  of  attention,  more  than  we  got 
anywhere  else." 

*'I  first  met  Bunsen  in  the  retired  valley  of  Engelberg, 
Switzerland,  in  1863.  Learning  by  accident  that  he  was  at  an 
adjoining  Gasthaus,  I  called  on  him  and  told  him  of  my  plans 
to  continue  my  studies  in  Heidelberg.  He  received  me 
graciously  and  immediately  won  my  heart  by  his  affability,  by 
the  charming  smile  that  lit  up  his  large  features,  and  by  his 
unselfish  interest  in  my  personal  affairs." 

**  I  first  met  Professor  Bunsen,  November  6,  1855.  I  had  gone 
to  Germany  to  study  chemistry  under  him  and  Liebig,  and  the 
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day  of  my  arrival  at  Heidelberg  I  called  on  him  at  his  rooms  in 
the  new  laboratory  building.  This  was  then  considered  the 
largest  and  best  arranged  in  the  world.  I  found  him  smoking 
his  after-dinner  cigar  and  I  immediately  took  a  liking  to  him. 
He  was  then  in  the  prime  of  life,  forty- four  years  old,  and  his 
genial  but  earnest  face  impressed  me.  He  seemed  younger  than 
I  had  expected.  He  had  many  questions  to  ask  about  chemical 
instruction  in  America,  for  students  from  this  country  were  then 
flocking  to  the  German  University.  There  were  then  between 
fifty  and  sixty  students  in  his  laboratory,  scarcely  more  than 
half  of  them  German.  It  seemed  to  me  that  half  of  the  nations 
of  the  world  were  represented.  Bunsen  was  genial  with  his  sta- 
dents,  visiting  everyone's  table  in  his  daily  circuit  of  the  work- 
ing rooms,  having^  something  to  say  to  each  one  about  his  work, 
even  if  but  a  word,  but  would  generally  linger  if  properly 
tempted.  He  gave  his  lecture  on  general  chemistry  at  nine 
o'clock  in  the  morning.  His  method  was  clear,  logical,  and 
concise.  He  would  begin  his  lecture  from  the  standpoint  of  onr 
present  knowledge  of  the  subject  he  was  discussing,  commencing 
with  the  element  and  following  by  logical  succession  the  chem- 
istry of  its  compounds." 

**  Just  after  the  Christmas  recess  he  invited  his  students  to  a 
dinner  at  the  Badischer  Hof .  It  was  a  happy  occasion.  There 
were  a  few  short  speeches  and  he  seemed  doubly  genial.  In 
those  days  a  good  cork  was  a  prize  for  laboratory  use,  and  when 
on  that  occasion  he  caught  me  slipping  a  champagne  cork  into 
my  pocket,  with  a  twinkling  eye  he  remarked  that  I  had  the 
true  laboratory  instinct.  As  the  dinner  broke  up  he  carefully 
gathered  up  and  carried  the  other  champagne  corks  away  in  his 
pockets,  remarking  to  a  student  that  champagne  corks  shonkl 
never  be  wasted." 

**  At  the  opening  of  my  third  term,  I  was  elected  'Polizci.' 
One  of  the  events  of  my  official  life  was  regarded  as  an  exhibition 
of  unparalleled  audacity  of  which  only  an  American  was 
capable.  I  fined  Hofrath  Bunsen,  who,  after  lighting  his  cigar 
at  the  flame  of  a  Bunsen  burner,  had  left  the  gas  burning  and 
gone  out  of  the  room.  According  to  custom  and  much  to  the 
consternation  of  the  students,  I  chalked  on  the  desk  that  Bunsen 
had  used,  the  words  *six  kreutzers*  over  my  initials— a  notice 
that  could  not  be  erased  until  the  fine  was  paid.  The  next  day 
when  Bunsen  approached  the  desk,  he  glanced  at  the  inscription, 
smiled  broadly,  and  to  the  amusement  of  the  crowd  of  students 
that  had  gathered  to  see  the  result  of  my  daring,  opened  his 
purse  and  handed  me  six  kreutzers,  with  a  pleasant  commen- 
dation of  the  fidelity  of  the  *  Polizei. '  " 

*  *  After  every  lecture  Bunsen  rarely  missed  spending  seven! 
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hours  in  the  laboratory,  going  from  student  to  student  with 
inquiries,  suggestions,  and  useful  hints.  Desirous  of  securing 
my  share  of  this  personal  contact,  I  soon  found  the  best  way  of 
inducing  the  Hofrath  to  linger  was  to  have  a  supply  of  clean  test- 
tubes  and  beakers  on  an  orderly  desk,  with  a  query  or  two 
requiring  experimental  answers.*' 

*  •  While  Bunsen  rarely  met  his  students  outside  the  laboratory, 
he  captivated  each  by  the  deep  personal  interest  he  took  in  their 
individual  work.  Indeed,  so  intense  was  his  devotion  often  to 
their  themes  that  it  was  not  uncommon  for  a  pupil  to  find  on 
coming  in  the  morning  an  analysis  or  process  several  stages 
more  advanced  than  when  it  was  left  the  night  before.  Bunsen 
was  an  early  riser  as  well  as  a  late  worker,  and  between  the 
two  found  ample  time  to  have  a  *  finger  in  the  pie.'  " 

"  Bujisen's  practical  side  is  best  known  to  the  average  man. 
He  was  a  craftsman  beyond  compare  in  the  details  of  what  was 
needed  in  laboratory  utensils  and  manipulative  skill,  as  was 
evinced  by  simplicity  of  construction,  neatness  of  procedure,  and 
accurateness  of  result." 

**  As  to  his  contributions  to  chemistry,  they  were  enormous, 
and  you  must  bear  in  mind  that  he  was  bom  in  1811  and  that 
many  of  the  devices  of  the  laboratory,  and  most  of  the  principles 
of  the  science  of  chemistry  which  we  are  teaching  now  as  a  sort 
of  matter  of  course,  *  things  that  go  without  saying,'  were  utterly 
unknown  when  he  was  graduated  in  Gottingen  in  1830." 

'*  In  everything  Bunsen  attempted  he  was  never  satisfied  until 
he  had  finished  his  work  and  put  it  upon  an  exact  scientific 
basis.  I  have  good  cause  to  think  him  the  best  teacher  I  have 
ever  had  and  the  best  chemist  of  his  generation." 

* '  Bunsen  became  an  integral  part  of  Heidelberg  and  the  pres- 
tige of  this  university  was  to  a  considerable  extent  dependent 
upon  his  individuality.  It  was  at  this  seat  of  learning  that  he 
made  his  most  important  discoveries  and  drew  men  from  all  parts 
of  the  world  to  his  laboratory.  Admirable  as  his  previous  work 
had  been,  it  was  amidst  the  charming  natural  surroundings  there 
and  in  daily  contact  with  such  minds  as  Helmholtz,  or  his  devo- 
ted coworker  Kirchhoff ,  or  in  the  genial  copipanionship  of  Kopp 
and  Hesse  that  his  genius  expanded.  It  was  quite  in  keeping 
with  his  nature  that  others  should  partake  of  the  infinite  pleasure 
he  had  experienced,  and  he  gladly  initiated  them  into  the  skil- 
ful methods  his  resourceful  mind  had  developed." 

*'  Nothing  so  much  marks  Bunsen  as  a  chemist  of  a  pasl.gen- 
eration  as  the  fact  that  one  cannot  speak  of  him  as  especially 
distinguished  in  any  particular  branch  of  the  subject.  If  we  go 
over  the  men  of  our  science  who  are  well  known  to-day  we  find 
that  nearly  every  one  is  very  closely  identified  with  organic, 
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analytic,  physical,  or  some  other  department  of  chemistry,  and 
has  done  very  little  of  note  outside  of  his  particular  field.  Bun- 
sen  did  so  much  valuable  work  in  every  branch  of  chemistry  that 
he  was  distinguished  in  all." 

LIST  OP  AMERICANS  WHO  HAVE  STUDIED  UNDER  PROFBSSOR  R. 

W.  BUNSEN. 

The  following  list  is,  beyond  doubt,  incomplete,  especially  as  to 
those  who  simply  attended  Bunsen's  lectures  without  working 
in  his  laboratory,  as  was  a  common  custom  with  medical  stu- 
dents in  particular.  An  attempt  has  been  made  to  communicate 
with  each  living  person  whose  name  appears  in  the  list.  In  a 
number  of  cases  the  letters  of  inquiry  have  elicited  no  response, 
and  the  information,  obtained  at  second-hand  and  often  meager, 
has  thus  been  impossible  of  verification  or  extension.  It  is 
believed,  however,  that  so  far  as  concerns  those  who  at  onetime 
or  another  worked  in  Bunsen's  laboratory,  the  list  is  nearly  com- 
plete. 

Of  the  loi  persons  enumerated  at  least  62  have  either  taken 
the  doctor's  degree  under  Bunsen  or  have  atone  time  or  another 
filled  professional  chairs  at  one  or  more  institutions  of  learning, 
or  both.  Of  the  above  62,  there  are  known  to  have  taken  the 
degree  33,  and  to  have  become  professors  46.  A  number  of  the 
latter  took  their  doctor's  degree  elsewhere.  Death  has  claimed 
at  least  20. 

Andrus,  Geo.- Lawrence.  (Brooklyn,  N.  Y.)  1873-74.  Present  address 
unknown.     Did  not  pursue  chemistry  as  a  profession. 

Austin,  W.  Lawrence.  1871-74.  Ph.D.,  1876.  Metallurgical  esgioeer, 
Denver,  Colo.    (Box  941). 

Bache,  Chas.  L.  1869-71.  Formerly  with  Philadel^Aiia  mint;  nov 
assayer  and  metallurgist,  Redding,  Cal. 

*Bayne,  H.  A.  1875.  At  one  time  professor  of  chemistry,  Royal  Mili- 
tary College,  Kingston,  Ontario,  Canada. 

Becker,  Geo.  F.  (New  York.)  1868-69.  Ph.D.,  1869.  Graduate  Rojrtl 
School  of  Mines,  Berlin,  1871.  Instructor  IFniversity  of  California. 
Since  1879  connected  with  U.  S.  Geological  Surrey,  Washington,  D.C 

Bernays,  A.  C.     1872-73.     M.D.    Practicing  physician  in  St.  Louis,  Ma 

Best,  Wm.  F.  (Fredericton?,  N.  B.)  About  1874-75.  Has  been  analyt- 
ical chemist  in  Nova  Scotia  or  New  Brunswick. 

Blair,  Geo.  D.     (Pittsburg,  Pa.)     1870. 

*Blake,  Eli  W.  1864.  At  one  time  professor  of  chemistry  at  the  Univer- 
sity of  Vermont,  again  at  Cornell,  and  later  professor  of  physics  at 
Brown  University,  Providence,  R.  I.     Died  1895. 

Bolton,  B.  Meade.  (Richmond,  Va.)  1883-84.  M.D.,  University  of  Vir- 
ginia,  1879.  Formerly  associate  at  Johns  Hopkins,  professor  in  Uni- 
versities of  South  Carolina  and  Missouri ;  later  director  of  the  laboia- 
tory  of  hygiene,  board  of  health,  Philadelphia,  Pa.  Now  practicii^ 
physician,  Princeton,  N.  J. 
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Bolton,  H.  CarringtOD.  (New  York.)  1863-65.  Ph.D.,  Gottingen.  For- 
merly assistant  in  Columbia  School  of  Mines,  professor  Woman's 
Medical  College  of  New  York  Infirmary,  and  Trinity  College,  Hart- 
ford, Conn.     Present  address  Cosmos  Club,  Washington,  D.  C. 

Borden,  Wm.  F.  (Chicago. )  1868.  At  one  time  engaged  in  metallurgical 
operations  at  Leadville,  Colo.  Present  address  Borden  Block,  Ran- 
dolph and  Dearborn  Streets,  Chicago,  111. 

♦Bowen,  Henry  C.  About  1875.  Instructor  in  School  of  Mines,  Columbia 
College,  N.  Y.,  and  technical  chemist.     Died  1899. 

Bowman,  Walker.  1^5.  Ph.D.,  Berlin,  1888.  At  one  time  professor  of 
chemistry,  Ohio  State  University,  now  chemist  Louisville  Spirit 
Cured  Tobacco  Co.,  Louisville,  Ky. 

Boyd,  Wm.  W.     (Boston.)     1872? 

Brewer,  Wm.H.  (Poughkeepsie,  N.  Y.)  1855-56.  Formerly  professor 
Washington  and  Jefferson  College,  Washington,  Pa.,  assistant  on 
Geologic  Survey  of  California,  professor  University  of  California. 
Since  1864  professor  of  agriculture,  Sheffield  Scientific  School,  New 
Haven,  Conn. 

Brown,  W.  G.  1880-81.  Formerly  professor  Washington  and  Lee  Uni- 
versity, Va.,  chemist  Department  of  Agriculture,  Washington,  D.  C; 
now  professor  University  of  Missouri,  Columbia,  Mo. 

Bnrncy,  Wm.  (Davidson,  N.  C.)  Between  1875-79.  Ph.D.,  187-.  Pro- 
fessor of  chemistry.  College  of  South  Carolina,  Columbia,  S.  C. 

Burton,  Beverly  S.  1871.  Ph.D.,  1871.  At  one  time  professor  East  Ten- 
nessee University.  Retired  from  active  chemical  work.  Address 
Munich,  Carlsstr.  6iaIII. 

Case,  Jos.?  AUiene?    (Columbia,  Pa.?)    1871  ? 

Caldwell,  Geo.  C.  (Framingham,  Mass.)  1857-58.  Ph.D.,  Gottingen 
1857.  Formerly  professor  Antioch  College,  Ohio,  and  Agricultural 
College  of  Pennsylvania.  Since  1868  ^irofessor  agricultural  and  ana- 
lytical chemistry,  Cornell  University,  Ithaca,  N.  Y. 

Chapman,  Nelson  C.  (St.  Louis,  Mo. )  1870-71.  Has  not  followed  chem- 
istry. President  Cumberland  Construction  Co.,  Chemical  Bldg.,  St. 
Louis,  Mo. 

Chatard,  Thos.  M.  (Baltimore,  Md.)  1876.  Ph.D.,  1876.  Formerly 
chemist  U.  S.  Torpedo  Station,  Newport,  R.  I.,  later  U.  S.  Geological 
Survey.  Not  actively  engaged  in  chemistry.  Address  17 14  Rhode 
Island  Ave.,  Washing^ton,  D.  C. 

Comey,  Arthur  M.  (Boston,  Mass.)  1884-85.  Ph.D.,  1885.  At  one  time 
professor  Tufts  College,  Boston,  Mass.  Address  54  Concord  Ave., 
Cambridge,  Mass. 

Dana,  Edward  S.  (New  Haven,  Conn.)  1872-73.  Ph.D.,  Yale.  Profes- 
sor Yale  University,  New  Haven,  Conn. 

DeFremery,  James  L.  1885-86.  Ph.D.,  1886.  President  and  general 
manager  of  the  American  Lucol  Co.,  44  Broadway,  New  York  City. 

*Dezter,  Wm.  Prescott,  M.D.     (Boston,  Mass.)     1855.     Died  1890. 

Dodge,  Jacob  A.  (Salem,  Mass.)  Between  1875-79.  Ph.D.,  187-.  Lately 
professor  of  chemistry.  University  of  Minnesota.  Present  address 
unknown. 

Doremus,  Chas.  A.  (New  York.)  1870-72.  Ph.D.,  1872.  Formerly  pro- 
fessor University  of  Buffalo,  N.  Y.,  now  assistant  professor  of  chem- 
istry and  physics,  College  oif  the  City  of  New  York. 
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Drown,  Tho8.  M.  (Philadelphia,  Pa.)  1866-68.  Formerly  profesaor  o( 
chemistry,  Lafayette  College,  Easton,  Pa.,  and  Massachusetts  Insti- 
tute of  Technology,  now  president  Lehigh  University,  South  Bethk- 
hem,  Pa. 

*£aster,  J.  D.  1854.  Ph.D.,  1854.  At  one  time  professor  of  chendstrY, 
University  of  Georgia,  Athens,  Ga.  Died  an  Bpiscopal  clergymtn  ib 
Kentucky. 

Fisher, .  Davenport.  1854-55.  Ph.D.,  1854.  Analytical  chemist,  Room 
610,  Old  Insurance  Building,  Milwaukee,  Wis. 

Fisher,  Wm.  Righter.  (Philadelphia,  Pa.)  1872.  Attorney  at  lav, 
Stephen  Girard  Building,  Philadelphia,  Pa. 

*Genth,  P.  A.  (Waechtersbach,  Hesse-Cassel. )  Ph.D.,  1846.  ReceiTed 
decree  at  Marburg  while  Bunsen  was  professor  there ;  was  Bansen's 
assistant  three  years  prior  to  coming  to  America.  Later  professor  of 
chemistry  and  mineralogy.  University  of  Pennsylvania.    Died  1S93. 

Goodwin,  W.  L.  1880-81.  D.Sc.,  Edinburgh,  1881.  School  of  Mines,  Ein^ 
ton,  Ontario,  Canada. 

Goodyear,  Henry.     (New  Haven,  Conn.)     1870-71. 

Hague,  Arnold.  (Boston,  Mass.)  1864-65.  Assistant  Geologist Forttetii 
Parallel  Survey.  Since  1879  member  U.  S.  Geological  Survey,  Wish- 
ington,  D.  C. 

Hale,  Albert  C.  (New  York.)  1879-80.  Ph.D.,  1880.  Formerly  pres- 
ident Colorado  State  School  of  Mines.  Since  1883  head  teacher  phjs- 
ical  sciences,  Boys*  High  School,  Brooklyn,  N.  Y.  Address  551 
Putnam  Ave. 

*Hallock,  Edward  J.  1877-78.  Ph.D.,  1878.  Assistant  in  chemistrj, 
Columbia  University,  New  York  City.    Died  1884. 

Hennessy,  Walter.    1869-70.   Lawyer,  ?99  Nassau  Street,  New  York  City. 

Htlgard,  E.W.  (Zweibriicken,  Rhenish  Bavaria.)  1852-53.  Ph.D.,1853. 
Formerly  state  geologist,  apd  professor  of  chemistry,  University  of 
Mississippi,  professor  of  geology,  etc..  University  of  Micbigaji. 
Now  professor  of  ag^culture.  University  of  California,  Berkeley,  Cal. 

Hillebrand,  Wm.  F.  (Honolulu,  H.  I.)  1872-76.  Ph.D.,  1875.  Form- 
erly assayer,  Leadville,  Colorado.  Since  1880,  chemist  U.  S.  Geolog- 
ical Survey,  Denver,  Colorado,  and  Washington,  D.  C.  Since  1891 
also  professor  of  chemistry,  National  College  of  Pharmacy,  Wsshing- 
ton,  D.  C. 

Hitchcock,  H.  A.     (Chicago.)    After  1872. 

Hodges,  Harrison  B.  (Boston,  Mass.)  1873-74.  Formerly  techoictl 
chemist  in  Boston;  later  with  U.  P.  R.  R.,  Omaha,  B.  &  0.  R.R., 
Baltimore,  Southern  R.  R.,  Washing^n,  D.  C;  now  purchssiiig 
agent  L.  I.  R.  R.,  Long  Island  City,  N.  Y. 

Hodges,  N.  D.  C.  1874-75.  Formerly  editor  "  Science" ;  no*  librarian 
Public  Library,  Cincinnati,  Ohio. 

Hunter,  Richard.     (New  York.)     1870. 
«Irby,  Wm.     (Virginia.)     1876-77.     Ph.D.,  Bonn. 
Jackson,   Chas.   Loring.     (Boston,  Mass.)     1873-74.     Professor  of  cfaeai- 
istry,  Harvard  University,  Cambridge,  Mass. 

Jayne,  H.  W.     1877-78.     Ph.D.,  Strassburg,  1882.     Address  931  N.  Brosd 

St.,  Philadelphia,  Pa. 
Kinnicutt,  Leonard,  P.   1875-76.  Director  chemical  laboratory,  Worcester 

Polytechnic  Institute,  Worcester,  Mass. 
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Knntz.    Between  1876-79^. 

Lees,  Wm.  T.  (Brooklyn.  N.  Y.)  1873-76.  Consolidated  Gas  Company, 
Avenue  A.,  Corner  21st  St.,  New  York  City. 

Ix>eb,  Morris.  1887-88.  Professor  of  chemistry,  University  of  the  City 
of  New  York. 

Luedeking,  Robert.  1872*73.  M.D.,  1876,  Strassburg.  In  1882  lecturer, 
from  1883-92  incumbent  of  chair  of  pathological  anatomy,  since  1892 
of  chair  of  diseases  of  children  in  St.  Louis  Medical  College  (now  a 
Department  of  Washington  University),  St.  Louis,  Mo. 

♦Lupton,  N.  T.  (Nashville,  Tenn. )?  1875.  formerly  professor  of  chem- 
istrpr,  Vanderbilt  University,  Nashville,  Tennessee,  later  in  State 
University  of  Alabama.     Deceased,  Auburn,  Ala. 

Magee.     (Philadelphia,  Pa.)     1856. 

*McBurney,  Henry.  (Boston.)  1864-65.  Manufacturing  chemist,  Boston, 
Mass. 

McCay,  Leroy  W.  1882.  Ph.D.,  Princeton.  Professor  of  chemistry, 
Princeton  University,  Princeton,  N.  J. 

Merrill,  N.  Fred.  (Charleston,  ?.)  1871-72.  Professor  University  of 
Vermont,  Burlington,  Vt. 

Michael,  Arthur.  1872-74.  Professor  of  chemistry.  Tufts  College,  Boston, 
Mass. 

Miller,  Geo.  M.  (New  York.)  1863-65.  At  one  time  assistant  in  assay- 
ing, School  of  Mines,  Columbia  University,  New  York.  Did  not  pur- 
sue chemistry  afterwards.  * 

Mixter,  Wm.  G.  (New  York.)  1872-73.  Professor  of  chemistry,  Shef- 
field Scientific  School,  New  Haven,  Conn. 

Moellman,  Rudolph.     (Brooklyn,  N.  Y.)     1870. 

♦Moore,  Gideon  E.  (New  York.)  1870.  Ph.D.,  1870.  Prior  to  1867, 
analytical  chemist,  San  Francisco,  and  assa^er,  Virginia  City, 
Nevada.    Chemist  Passaic  Zinc  Co.,  from  1872  to  time  of  death  in  1895. 

Mayer,  Benj.  F.     (New  York.)     187-. 

Nichols,  Lyman.  (Boston,  Mass.)  1863-65.  Has  not  followed  chemistry. 
Address,  14  Commonwealth  Ave.,  Boston,  Mass. 

Norton,  Sidney  A.  (Bloomfield,  O.)  1871.  Ph.D.,  Kenyon,  1878. 
Formerly  instructor  Cleveland  High  School,  professor  of  chemistry, 
Miami  University,  acting  professor  of  physics.  Union  CoUeee.  Since 
1873  professor  of  chemistry,  Ohio  State  University,  Columbus,  Ohio. 

Norton,  Thos.  H.  (Rushford,  N.  Y.)  1873.-75.  Ph.D.  1875.  Formerly 
manufacturing  chemist,  Paris,  France,  professor  of  chemistry  and 
librarian.  University  of  Cincinnati,  Ohio.  Now  U.  S.  Consul,  Har- 
put,  Turkish  Armenia. 

*Osbun,        1874-75.    Professor,  Wittenberg  College,  Springfield,  Ohio. 

Penny,        1888.    Was  instructor  in  a  Methodist  College  about  1891. 

Pitman,  S.  Mi  not.  1873-74.  At  one  time  professor  of  chemistry.  Tufts 
College,  Boston,  Mass.;  now  in  insurance  business,  Providence, 
R.  L 

Prochazka,  Geo.  A.  (Newark,  N.J.)  1873-74.  Ph.D.,  1874.  Assistant  in 
chemistry,  Stevens  Institute,  Hobokea,  N.  J. ;  later  analytical  and 
consulting  chemist,  New  York  City  ;  since  1881  technical  and  manu- 
facturing chemist ;  now  president  Central  Dyestuff  and  Chemical  Co., 
Plum  Point  Lane,  Newark,  N.  J.  (Address  138  West  13th  St.,  New 
York. ) 
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*Pngh,  Evan.  (Germantown,  Pa.)  1856-57.  Ph.D.,  Gottingen.  Pora- 
erlj  president  Pennsylvania  State  College.    Died  1864. 

Ran,  Henry  M.  1877-79.  Ph.D.,  1879.  chemist  and  chemical  manv- 
facturer,  130-132  Pearl  St.,  New  York  City. 

Reese.  Chas.  h.  (Baltimore,  Md.)  1884-86.  Ph.D.,  1886.  Formerly  as- 
sistant,  Johns  Hopkins  University,  professor  of  chemistry ,  Wake  Forest 
College,  and  South  Carolina  Military  College,  now  chemist.  New 
Jersey  Zinc  Co.,  Newark,  N.  J. 

Reynolds,  Geo.     (New  York.)     1854-55. 

Rising,  Willard  B.  TMechlenbarg,  N.  Y.)  1869-71.  Ph.D..  1871.  State 
analyst  and  .professor  of  chemistry,  University  of  California,  Berke> 
ley,  Cal. 

*Root,  Edward  Walstein.  1864-65.  Formerly  assistant  in  chemistrr, 
Columbia  College,  School  of  Mines ;  then  professor  of  chemistrr, 
Hamilton  College,  Clinton,  N.  Y.     Died  1870. 

Seely,  Henry  M.  (Onondaga,  N.  Y.)  1867-68.  Formerly  profesiorol 
chemistry,  Berkshire  Medical  Institute,  and  Medical  Department, 
University  of  Vermont ;  professor  of  chemistry  and  natural  historr, 
and  since  1895,  emeritus  professor  of  natural  history,  Middlebnry  Col- 
lege, Vermont. 

Slingluff,  Frank.     (Baltimore,  Md.)     1863-65. 

Smith,  Eug[ene  Allen.  1866-68.  Ph.D.,  1868.  Prior  to  1872  assisUnt  ob 
Geologic  Survey  of  Mississippi,  now  state  geologist  and  professor  of 
geology  and  mineralogy,  State  University  of  Alabama,  Universitj, 
Alabama. 

Smyth,  Geo.  A.  (Brunswick,  .)  1872.  Address  120  S.  Grove  Ave, 
Oak  Park,  111. 

Soule,  Edward.     (New  Haven,  Conn.)    1870. 

Springer,  Alfred.  1871-73.  Ph.D.,  1872.  Manufacturing  chemist,  Cin- 
cinnati, Ohio  (Box  621). 

Strauss?  Fred.     (Pittsburg.)     187-. 

Terry,  N.  W.  1871-72.  Ph.D.,  Gottingen.  Professor  of  physics,  U.  & 
Naval  Academy,  Annapolis,  Md. 

Thomson,  Wm.  J.     (New  Orleans.)     187-. 

Tread  well,  Fred.  P.  (Portsmouth,  N.  H.)  1875-79.  Ph.D..  1876.  Wis 
Bunsen's  lecture  assistant  for  three  semesters  1878-79.  Ordentlicber 
professor  of  chemistry,  Eidgenos.  Polytechnikum,  Zurich,  Switzer- 
land. 

Waddell ,  John .     1883-84.    Ph.D. ,  1884.    Professor  of  chemistry.  School  of  ^ 
Mines,  Kingston,  Ontario,  Canada. 

Wahl,  Wm.  H.  1867-68.  Ph.D.,  1868.  Secretary,  Franklin  Institnte. 
Philadelphia,  Pa. 

Waldstein,  Martin.  (New  York.)  1873-75.  Ph.D.,  1875.  Manufsctur- 
ing  chemist,  107  Murray  St.,  New  York  City. 

♦Walton,  Henry  C.     (New  York.)     1870.     Died  in  New  York. 

«Walz,  Isidor.  (New  York.)  1866-68.  Ph.D.,  1867.  Consulting  sad 
analytical  chemist.    Died  in  New  York,  1877. 

^Webster,  .  (Pawtucket,  R.  I. )  1856.  Died  about  i860  or  1861 ,  shortly 
after  applying  for  a  professorship  in  Washington  and  Jefferson  Col- 
lege, Washington,  Pa. 

Wilkins,  Ross.     1879-82.    Ph.D.,   1882.    Has  held  various  positions  ti 
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chetnisty  assayer,  and  superintendent ;  now  chemist  Detroit  plant, 
American  Radiator  Co.,  Detroit,  Mich. 

•Williams,  Geo.  H.  (Utica,  N.  Y.)  1880-82.  Ph.D.,  1882.  Professor 
of  inorganic  geology,  Johns  Hopkins  University,  Baltimore,  Md. 
Died  1894. 

Williams,  W.  J.  1869-70.  Chief  chemist  at  the  Frank  ford  Arsenal,  Phil- 
adelphia, Pa. 

•Wolff,  Chas.     (Cincinnati,  Ohio.)     1863-65. 

Wolf,  Theo.  R.  1868-70.  Ph.D.,  1870.  Professor  of  chemistry,  Delaware 
College,  and  State  Chemist,  Newark,  Del. 

Woodrow,  James.     1856. 

♦Wright,  Harrison.     (Wilkesbarre,  Pa.)     1869-70.    Died  1885. 
*  Occeased. 


Issued  with  December  Nnmber,  1900. 


Proceedings. 


BOARD  OP  DIRECTORS. 

A  meeting  of  the  Board  of  Directors  of  the  American  Chemical 
Society  was  held  at  the  Chemists*  Club,  io8  W.  55th  St.,  New 
York  City,  Saturday,  October  27,  1900. 

The  meeting  was  called  to  order  at  9  o'clock  p.m.,  by  President 
McMurtrie.     All  the  directors  were  present. 

The  minutes  of  all  previous  meetings  were  approved  as 
recorded  in  the  secretary's  book. 

The  librarian  was  authorized  to  subscribe  for  the  Berichte  of 
the  German  Chemical  Society. 

It  was  voted  that  the  president  appoint  a  committee  of  two 
directors  to  whom  should  be  referred  the  manuscript  of  the 
index  prepared  by  Mr.  Sohon,  and  the  galley  proof  thus  far 
prepared,  and  who  shall  examine  into  the  question  of  errors  sub- 
mitted by  the  editor  and  report  the  same  to  the  Board  at  its  next 
meeting.  Messrs.  £.  £.  Smith  and  C.  A.  Doremus  were 
appointed  such  committee. 

The  treasurer  of  the  society  was  empowered  to  pay  the 
necessary  expenses  for  inserting  funeral  notices  of  the  late 
Dr.  E.  R.  Squibb  in  the  daily  papers. 

The  minutes  of  the  meeting  were  read  and  approved  and  the 
meeting  then  adjourned. 

AZ.BBRT  C.  Halb,  Secretary. 

COUNCIL. 

A  local  section  of  the  Society  for  the  benefit  of  those  members 
who  reside  in  and  around  Kansas  City,  Mo.,  to  embrace  those 
portions  of  the  States  of  Missouri  and  Kansas  included  between 
the  93rd  and  98th  meridians,  with  headquarters  at  Kansas  City, 


no 

Mo.  (714  Wyandotte  St.),  was  authorized  by  the  Council, No. 
▼ember  6. 

NAMES   PROPOSBD  FOR  MBMBBRSHIP. 

Boesch,  Basil  W.,  36  Uniou  Park,  Boston,  Mass. 

Brown,  C.  Arthur,  630  W.  8th  St.,  Cincinnati,  Ohio. 

Burtt,  Stratford.  840  Halsey  St.,  Brooklyn,  N.  Y. 

Caspari,  Chas.  E.,  312  W.  H5th  St.,  N.  Y.  City. 

Cathcart,  Wm.  K.,  May  wood,  N.  J. 

Chambliss,  Hardee,  312  W.  115th  St.,  N.  \'.  City. 

Cook,  Alfred  N.,  Sioux  City,  Iowa. 

Davis,  Leon  K.,  185  Temple  St.,  West  Newton,  Mass. 

Dodge,  Francis  D.,  60  S.  Oxford  St.,  Brooklyn,  N.  Y. 

Dreyfus,  Wolfram  E.,  175  W.  107th  St.,  N.  Y.  City. 

Henius,  Max,  290  S.  Water  St.,  Chicago,  111. 

Hummell,  A.  S.,  Box  195,  High  Bridge,  N.  J. 

Hunter,  Edwin  E.,  122  S.  3rd  St.,  St.  Joseph,  Mo. 

Jordan,  James  O.,  994  Washington  St.,  Boston,  Mass. 

Josephson,  Edgar,  131  Amity  St.,  Brooklyn,  N.  Y. 

Kingman,  Wm.  A.,  55  Lincoln  St.,   So.  Pramingham,  Masi 

Laws,  Eugene  H.,  54  Kellogg  St.,  Fall  River,  Mass. 

Mead,  George  H.,  Cellulose  Products  Co.,  Boston,  Mass. 

Morgan,  Leonard  P.,  4714  Chester  Ave.,   Philadelphia,  Pa. 

Owens,  Wm.  G.,  Bucknell  Lab.,  Lewisburg,  Pa. 

Patterson,  G.  W.,  Indian  Head,  Md. 

Roberts,  Alfred  E.,  23  St.  Botolph  St.,  Boston,  Mass. 

Robison,  F.  W.,  Columbus  Ford  Lab.,  103  State  St.,  Chicago, 
111. 

Shepherd,  Earnest  S.,  Remington,  Ind. 

Sinkinson,  Joseph  D.,  85  Willow  St.,  Brookljm,  N.  Y. 

Sparks,  John  C,  Bement  Ave.,  Livingston,  Richmond  Co., 
N.  Y. 

Stieglitz,  Julius,  Univ.  of  Chicago,  Chicago,  111. 

Tingle,  Alfred,  Chem.  Lab.,  Columbia  Univ.,  N.  Y.  City. 

Tingle,  John  B.,  Lewis  Inst.,  Chicago,  111. 

Tolman,  Lucius  M.,  1937  13th  St.,  N.W.,  Washington,  D.C. 

Trowbridge,  Die.  H.,  Lewis  Inst.,  Chicago,  111. 

Waterhouse,  James  S.,  Cumberland  Univ.,  Lebanon,  Tenn. 

Wahl,  Dr.  Robert,  290  S.  Water  St.,  Chicago,  III. 

Waters,  Charles  D.,  6  Magnolia  St.,  Roxbury,  Mass. 

Waters,  C.  E.,  Conn.  Agr.  Coll.,  Storrs,  Conn. 

Wesener,  John  A.,  Columbus  Ford  Lab.,  103  State  St.,  Chi- 
cago, 111. 

Ulmer,  George  F.,  Arbuckle  Bros.,  Sugar  Ref.,  Foot  of  Pearl 
St.,  Brooklyn,  N.  Y. 
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NAMBS  PROPOSBD  FOR  ASSOCIATB  MBMBBRSHIP. 

Bernheim,  Geo.  B.,  74  E.  79th  St.,  N.  Y.  City. 
Hellon,  Robert,  40  Lowther  St.,  Whitehaven,  Eng. 
Hildreth,  Thomas  F.,  530  W.  123rd  St.,  N.  Y.  City. 
Kaufman,  G.  Falk.  63  E.  74th  St.,  N.  Y.  City. 
Lindsay,  William  G.,  207  W.  SistSt.,  N.  Y.  City. 
Mo£fatt,  Miles  R.,  Momaroneck,  Westchester  Co.,  N.  Y. 
Page,  Robert  W.,  527  Third  St.,  Brooklyn,  N.  Y. 
Pickhardt,  W.  Paul,  1042  Madison  Ave.,  N.  Y.  City. 

ASSOCIATBS  BLBCTBD  OCT.   12,   I9OO. 

Braun,  F.  W.,  501-505  N.  Main  St.,  Los  Angeles,  Cal. 
Hicks,  Walter  T.,  300  S.  Broadway,  N.  Y.  City. 
Baxter,  W.  T.,  Rolla,  Mo. 

NBW  MBMBBRS  BLBCTBD  OCT.  12,  19OO. 

Johnson,  Charles  M.,  701  Orchard  St.,  Avalon,  Pa. 
Rademacher,  Hermann  A.,  Box  243,  Lawrence,  Mass. 
Rogers,  Herbert  F.,  Provident  Chem.  Wks.,  St.  Louis,  Mo. 
Vosburgh,  C.  H.,  High  School,  Jamaica,  N.  Y. 

NBW   MBMBBRS  BLBCTBD   NOVBMBBR   I9,    19OO. 

Balcom,  Reuben  W.,  Mass.  Inst.  Tech.,  Boston,  Mass. 
Baltzly,  Edwin  B.,  Perth  Amboy,  N.  J. 

Benedict,  Francis  G.,  Middletown,  Conn. 

Braman,  Winfred  W.,  Durham,  N.  H. 

Breves,  Rudolph,  Rahway,  N.  J. 

Brown,  John  W.,  126  Massachusetts  Ave.,  Boston,  Mass. 

Champion,  £.  C,  Tola  Portland  Cement  Co.,  lola,  Kans. 

Gordon,  A.  S.,  Oliver  Iron  Mining  Co.,  Mountain  Iron,  St. 
I/)uis  Co.,  Minn. 

Grainger,  William  E.,  Cranberry,  Mitchell  Co.,  N.  C. 

Hemmings,  Frederick  J.,  12  Pearl  St.,  Boston,  Mass. 

Heckeroth,  William  C,  3443  N.  i8th  St.,  Philadelphia. 

Heckman,  J.  Conrad,  Larkin  Soap  Co.,  Buffalo,  N.  Y. 

Melcher,  Arthur  C,  58  Bowen  St.,  Newton  Centre,  Mass. 

Morgan,  W.  C,  Washburn  College,  Topeka,  Kans. 

Osgyani,  Arpad,  64  Orchard  St.,  Astoria,  L.  I.,  N.  Y. 

Pough,  Francis  II.,  146  Hicks  St.,  Brooklyn,  N.  Y. 

Walton.  James  H.,  Jr.,  Room  317,   126  Massachusetts  Ave., 
Boston,  Mass. 

Wheeler.  Alwyn  S..  Chapel  Hill,  N.  C. 

Woods,  Chas.  D.,  Orono,  Me. 

ASSOCIATBS  BLBCTBD   NOVBMBBR    I9,    19OO. 

Gary,  Edward  A.,  Lafayette  College,  Easton,  Pa. 
Felt,  W.  W.,  9431  Normal  Ave.,  Chicago. 
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Haskell,  Albert  A.,  Essex,  Mass. 

Howard,  John  J.,  ii8  McKeen  Hall,  Kaston,  Pa. 

CHANGES  OF  ADDRESS. 

Belden,  A.  W.,  Tenn.  C.  I.  and  R.  Co.,  Birmingham,  Ala. 

Bigelow,  S.  Lawrence,  1520  Hill  St.,  Ann  Arbor,  Mich. 

Blouin,  R.  E.,  care  Sugar  Planters'  Expt.  Sta.,  Honolulu, 
Hawaiian  Territory. 

Chamberlin,  W.  E.,  11 1  Water  St.,  N.  Y.  City. 

Cornelison,  R.  W.,  Bloom  field,  N.  J. 

Corse,  Wm.,  26  Hendrie  Ave.,  Detroit  Mich. 

Falkenau,  L.,  538  Sacramento  St.,  San  Francisco,  Cal. 

Fay,  Irving  W.,  177  Woodruff  Ave.,  Brooklyn,  N.  Y. 

Foumeaux,  E.  A.,  130  W.  84th  St.,  N.  Y.  City. 

Gallagher,  Phil.  C,  care  Boston  Gold  Copper  Sm.  Co.,  Lead- 
viUe,  Colo. 

Gallivan,  F.  B.,  56  Prospect  Place,  Brooklyn,  N.  Y. 

Granja,  Rafael,  Box  799,  Kingston,  R.  I. 

Gudeman,  Edward,  4319  Vincennes  Ave.,  Chicago,  111. 

Harding,  Everhart  P.,  Univ.  of  Minnesota,  Minneapolis,  Minn. 

Harrison,  J.  B.,  care  Harrison,  Griffin  &  Co.,  Bridgewatcr 
Place,  Manchester,  Eng. 

Hart,  Edwin  B.,  care  Frau  Rothchild,  iiSteinweg,  Marburg, 
Germany. 

Hinds,  J.  I.  D.,  Univ.  of  Nashville,  Nashville,  Tenn. 

Hopkins,  Erastus,  Lake  Mary,  Fla. 

Jacobs,  Chas.  B.,  44  Broad  St.,  N.  Y.  City. 

Keller,  Edward,  Box  724,  Baltimore,  Md. 

Kendall,  Arthur  I. ,  care  Cinclare  Cent.  Factory,  Cinclare,  La. 

Knight,  Geo.  W.,  39  Front  St.,  Schenectady,  N.  Y. 

Kohr,  D.  A.,  no  Huntington  Ave.,  Boston,  Mass. 

Lazell,  E.  W.,  1130  Walnut  St..  Philadelphia,  Pa. 

Logan,  Miss  Lily,  Majestic  Hotel,  72nd  St.  and  8th  Ave.,  N. 
Y.  City. 

Lyng,  M.  H.,  Union  Bag  &  Paper  Co.,  Sandy  Hill,  N.  Y. 

Miller,  S.  C,  929  New  York  Ave.,  N.  W.,  Washington,  D.C. 

Mommers,  Richard,  care  Glucose  Sugar  Ref.  Co.,  Marshall- 
town,  Iowa. 

Neilson,  Thos.,  Silver  Bell  Camp.,  Redrock,  Pinal  Co.,  Arir. 

Neish,  Arthur  C,  Columbia  Univ.,  N.  Y.  City. 

Nelson,  E.  K.,  4220  Grand  Boulevard.  Chicago,  111. 

Parker,  Francis  L.,  Jr.,  Johns  Hopkins  Univ.,  Baltimore,  Md. 

du  Pont,  Pierre  S.,  Lorain,  Ohio. 

Redpath,  Leon  W.,  22  Catherine  St.,  Newport,  R.  I. 

Reuter,  L.  H.,  Rue  de  M6rode  17,  Brussels,  Belgium. 

Rickards,  Burt  R.,  607  Sudbury  Bldg.,  Boston,  Mass. 
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Riggs,  G.  W.  46  E.  29th  St.,  N   Y.  City. 
Rogers,  Allen,  3605  Locust  St.,  Phila.,  Pa. 
Saarbach,  Ludwig,  114  Pearl  St.,  N.  Y.  City. 
Sadtler,   S.  P.,   N.   E.  Cor.    loth  and  Chestnut  Sts.,  Phila- 
delphia, Pa. 

Sargent,  Chas.  L.,  Murphy  Varnish  Co.,  Newark,  N.  J. 

Schuyler,  E.  H.,  Erie  High  School,  Erie,  Pa. 

Sherrard,  V.  P.,  Bland,  N.  M. 

Shilstone,  H.  M.,  Miles'  Planting  &  Mfg.  Co.,  Bumside,  La. 

Thompson,  Firman,  Bundaberg,  Queensland,  Australia. 

Van  Gelder,  A.  P.,  Landing,  N.  J. 

Walker,  Claude  F.,  New  Britain,  Conn. 

Watson,  E.  T.,  172  E.  Main  St.,  Chillicothe,  Ohio. 

Willcox,  F.  A.,  The  Oaks,  West,  Sunderland,  Eng. 

Woolworth,  James  G.,  11  Halsey  St.,  Providence,  R.  I. 

ADDRESS  WANTED. 

Emmens,  Stephen  H.,  formerly  of  i  Broadway,  N.  Y.  City. 
MEETINGS  OF  THE  SECTIONS. 

NORTH   CAROI.INA   SECTION. 

The  Fall  meeting  of  the  section  was  called  to  order  in  Crowell 
Science  Hall,  Trinity  College,  Durham,  by  the  presiding  oflScer, 
Prof.  B.  W.  Kilgore,  on  November  9,  1900,  at  8  p.m.  Thirty 
members  and  visitors  were  present.  The  following  papers  were 
read  and  discussed : 

**  International  Atomic  Weights,'*  by  Charles  Baskerville. 

**  The  Soil  Survey  in  North  Carolina  and  the  Practical  Value 
of  the  Results,'*  by  C.  D.  Harris. 

**  Notes  on  the  Adie  and  Wood  Method  for  the  Determination 
of  Potassium,"  by  Charles  Baskerville  and  I.  F.  Harris. 

**  The  Determination  of  Certain  Organic  Radicals,"  by 
Charles  E.  Brewer. 

**  Formaldehyde  as  a  Preservative  of  Food  Material  and  its 
Detection,"  by  W.  M.  Allen. 

**  Richter  and  the  Periodic  Law,"  by  F.  P.  Venable. 

**  The  Basis  of  Scientific  Thought,"  by  Charles  Baskerville. 

**Kilgore's  Modification  of  the  Volumetric  Method  of 
Estimating  Phosphoric  Acid,"  by  C.  B.  Williams. 

Reduction  Products  of  Dehydromucic  Acid,"  by  H.  B.  Hill 
and  A.  S.  Wheeler. 
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'*  The  Oxidation  of  Cellulose,"  by  A.  S.  Wheeler. 

**The  Necessity  for  State  Supervision  of  Escaping  Noxious 
Vapors  and  Contamination  of  Streams  from  Manufacturing 
Enterprises,"  by  Charles  Baskerville. 

**  Some  New  Chromium  Salts,"  by  J.  E.  Mills. 

''Exhibition  of  a  Mechanism  for  Marking  Calibrated  Appa- 
ratus," by  C.  B.  Williams. 

*'  Individual  Effort  as  a  Factor  in  Organized  Scientific  Work," 
by  B.  W.  Kilgore. 

There  being  no  further  business  the  section  adjourned. 

C  B.  Williams,  Seerelarj. 
NEW   YORK   SECTION. 

The  October  meeting  was  held  on  the  5th  at  the  Chemists' 
Club.     The  papers  read  were  : 

**Dr.  Meyers*  Tangent  System  of  Sulphuric  Acid  Manu- 
facture,'* by  C.  Glaser. 

"Note  on  the  Determination  of  Zinc  in  the  Franklin,  New 
Jersey,  Ores  by  the  Ferrocyanide  Method,"  by  William  H. 
Bassett. 

The  Chair  appointed  the  following  Committee  on  Prizes: 
C.  Richardson,  P.  de  P.  Ricketts,  and  M.  Loeb. 

M.  T.  Jioo^KT^  Secretary^  tarn. 

The  November  meeting  was  held  on  Friday  evening,  Novem- 
ber 9th,  at  the  Chemists*  Club. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

A  paper  entitled  *  *  A  Brief  Review  of  Antipyrin  and  Its  More 
Important  Derivatives,**  was  read  by  D.  C.  Eccles. 

A  motion  was  made  to  appoint  a  Committee  on  Papers. 
It  was  seconded  and  carried. 

A  motion  to  elect  a  vice-chairman  was  made  and  seconded, 
and  the  election  proceeded  with.  M.  T.  Bogert  was  unanimously 
elected. 

A  motion  to  publish  an  annual  report  was  lost. 

The  death  of  Dr.  E.  R.  Squibb  was  formally  announced  and 
a  brief  sketch  of  his  life  by  Dr.  Charles  Rice,  was  read  by  the 
chairman. 

It  was  voted  to  appoint  a  committee  to  draft  suitable  resolu- 
tions expressing  the  Society's  appreciation   of    Dr.    Squibb's 
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character,  of  his  services  to  chemical  sciepce,  and  of  the  loss 
sustained   by   his  death ;  and   that  the    said    resolutions    be 
engrossed  in  duplicate,  a  copy  to  be  sent  to  his  family  and  one 
to  be  preserved  by  the  Society. 
The  meeting  was  then  adjourned. 

DURAND  Woodman,  Secretary. 
LEHIGH  VALLEY  SECTION. 

A  regular  meeting  of  the  I^ehigh  Valley  Section  was  held  at 
South  Bethlehem,  in  the  chemical  laboratory  of  Lehigh  Univer- 
sity, on  Thursday  evening,  October  i8th.  Resolutions  were 
adopted  relative  to  the  establishment  of  a  National  Standards 
Bureau  and  of  a  Bureau  of  Chemistry  in  the  United  States 
Department  of  Agriculture  to  prevent  the  adulteration,  etc.,  of 
food,  after  which  the  following  papers  were  read  : 

**  A  Water- jacketed  Crucible,"  by  Dr.  Porter  W.  Shimer; 
**  Rapid  Estimation  of.  Sulfur  in  Iron,*'  by  Dr.  Porter  W. 
Shimer;  **  Valuation  of  Iron  in  Magnetite  Ore  by  Specific 
Gravity  Test,'' by  Dr.  Joseph  W.  Richards;  and  **  A  Method 
for  Preparing  Exactly  Normal,  Seminormal,  Decinormal,  etc., 
Sulfuric  Acid,'*  by  Richard  K.  Meade. 

The  papers  were  discussed  by  Drs.  Shimer,  Richards,  and 
Von  Wachtel.  In  addiiion  to  the  above.  Dr.  Richards  who  had 
just  returned  from  Paris,  entertained  the  section  with  a  short 
interesting  talk  on  the  nieiallurgical  exhibits  at  the  Exposition. 

Richard  K.  Mbadb.  Secretary. 
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Presiding  Officer — H.  H.  Nicholson,  Univ.  of  Nebraska,  Lincoln,  Neb. 

Secretary— R.  S.  Hiltner,  Univ.  of  Nebraska,  Lincoln,  Neb. 

North  Carolina  Section. 
Chartered  1896. 
Territory— The  State  of  North  Carolina. 
Headquarters — Raleigh,  N.  C. 
Presiding  Officer— B.  W.  Kilgore,  Raleigh,  N.  C. 
Secretary— C.  B.  Williams,  Asst.  State  Chemist,  Raleigh,  N.  C. 
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Columbus  Section. 
Chartered   1897. 
Territory — ^The  territory  covered  by  a  75-inile  radius  from  Coluinbns.  excepi 
that  where  the  territory  of  the  Cincinnati   and  Colombos  Sections 
would  overlap,  the  Cincinnati  Section  shall  have  a  radios  of  50  miks. 
and  the  Columbus  Section  the  rest. 
Headquarters — Columbus,  Ohio. 

Presiding  Officer— H.  A.  Weber,  Ohio  State  University,  Columbus,  0. 
Secretary— Wm.  McPherson,  Ohio  State  University,  Columbus.  0. 

North  Eastern  Section. 
Chartered  189S. 
Territory — The  States  of  Maine,  New  Hampshire,  Vermont,  and  Massacbo- 

setts. 
Headquarters — Boston,  Mass. 

Presiding  Officer— A.  D.  Little,  7  Exchange  PI.,  Boston,  Mass. 
Secretar>'— W.  H.  Walker,  Mass.  Inst.  Tech.,  Boston,  Mass. 

Philadelphia  Section. 
Chartered  1899. 

Territory — ^The  territory  covered  by  a  radius  of  60  miles  from  the  Philadel- 
phia City  Hall,  where  this  does  not  conflict  with  the  territon*  of  pre- 
\'iously  existing  Sections. 

Headquarters — Philadelphia,  Pa. 

Presiding  Officer — H.  W.  Jayne,  951  N.  Broad  St.,  Philadelphia. 

Secretary— F.  E.  Dodge,  Lansdowne,  Pa. 

Michigan   Section . 
Chartered  1899. 

Territory — The  State  of  Michigan. 

Headquarters — Univ.  of  Michigan,  Ann  Arbor,  Mich. 

Presiding  Officer — A.  B.  Prescott,  Univ.  of  Mich.,  Ann  Arbor,  Mich. 

Secretary — Alfred  H.  White,  413  E.  Liberty  St.,  Ann  Arbor,  Mich. 
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PAST  PRESIDENTS. 


♦1876,  J.  W.  Draper, 

•1888,  T.  Sterry  Hunt, 

♦1877,  J.  Lawrence  Smith, 

1889,  C.  F.  Chandler, 

1878,  S.  W.  Johnson, 

♦1890,  H.  B.  Nason, 

♦1879,  T.  Sterry  Hunt, 

1891,  G.  F.  Barker, 

*i88o,  F.  A.  Genth, 

1892,  G.  C.  Caldwell, 

1 881,  C.  F.  Chandler, 

1893,  H.  W.  Wiley, 

1882,  J.  W.  Mallet, 

1894,  H.  W.  Wiley, 

*i883,  J.  C.  Booth, 

1895,  E.  F.  Smith, 

♦1884,  J.  C.  Booth, 

1896,  C.  B.  Dudley, 

♦1885,  J.  C.  Booth, 

1897,  C.  B.  Dudley, 

1886,  A.  B.  Prescott, 

1898,  C.  E.  Munroe, 

1887,   C.  A.  GOESSMANN, 

1899,   E.  W.  MORLEY. 

honorary  members. 


Berthelot,  M.,  College  de  France,  Paris,  France. 
*BouTLEROW,  A.,  St.  Petersburg,  Russia. 
*BUKSEN,  R.  W.,  Heidelberg,  Germany. 

Cannizzaro,  Stanislao,  Istituto  chemico  della  regia  Universita,  Rome, 
Italy. 
♦Chevreul,  E.,  Paris,  France. 

Crookes,  Sir  William,  7  Kensington  Park  Gardens,  London,  England. 
♦Frankland,  E.,  Reigate,  England. 

GiBBS,  WOLCOTT,  Gibbs  Ave.,  Newport,  R.  I. 
♦Hofmann,  a.  W.  VON,  Berlin,  Germany. 
♦KEKULfe,  A.,  Bonn,  Germany. 

Mendkl^EFF,  D.,  University  of  St.  Petersburg,  Russia. 

MoisSAN,  Henri,  7  Rue  Vauquelin,  Paris,  France. 

MoRLEY,  Edward  W.,  Adelbert  College,  Cleveland,  Ohio. 

OsTWALD,  Wilhelm,  Linn^strasse,  Leipzig,  Germany. 
•StaS,  J.  S.,  Brussels,  Belgium. 

VAN'T  HOFF,  J.  H.,  Uhlandstrasse  2,  Charlottenburg.  Berlin,  Germany. 

Williamson,  A.  W.,  High  Pitfold,  Haslemere,  England. 
*W(EHLER.  Friedrich,  Gottingen,  Germany. 

*  Deceased.  • 


MEMBERS, 


Nawus  of  life  members  are  printed  in  heavy  capiials. 

898  ABEL,  John  J 1604  Bolton  St.,  Baltimore,  Md. 

900  Ackennan,  Franz  W Box  487,    Far  Rockaway,  Long  IsUod, 

N.  Y. 
876  Adams,  Isaac 1776  Massachusetts  Ave.,  N.  Cambridge, 

Mass. 

898  Adams,  Maxwell 5815  Drexel  Ave..  Chicago,  HI. 

900  Adams,  Walter  0 1776  Massachusetts  Ave.,  N.  Cambridge, 

Mass.    ^ 

895  Adgate,  Matthew Care  of  General  Chemical  Co..  Syracuse 

Works,  Syracuse,  N.  Y. 

889  Adriance,  John  S 105  E.  39th  St.,  N.  Y.  City. 

897  Affelder,  Oscar  I Care  of  Pittsburg  Gas  and  Coke  Co.,  Otto, 

Pa. 

896  Alden,  John Lawrence,  Mass. 

897  Alexander,  Jerome Care  of  Nat.  Gum  and  Mica  Co.,  502-510 

W.  45th  St.,  N.  Y.  City. 

898  Allen,  Charles  M Pratt  Institute,  BrookljTi,  N.  Y. 

898  Allen,  Chas.  R New  Bedford  High  School,  New  Bedford, 

Mass. 

894  Allen,  E.  W 1725  Riggs  PL,  Washington.  D.  C. 

900  Allen,  Richard  F Hart  Park,  West  New  Brighton,  StatcB 

Island,  N.  Y. 
893  Allen,  Walter  S 34  So.  6th  St.,  New  Bedford,  Mass. 

899  Aller,  F.  D Maurer,  N.  J. 

897  Alsop,  William  K  30  Ferry  St.,  N.  Y.  City. 

899  Alway.  F.  J Chem.  Dept.,  Neb.  Wesleyan  Univ.,  Uni- 

versity  Place,  Neb. 
876  Amend,  B.  G 205  3d  Ave.,  N.  Y.  Cit> . 

890  Amend,  Otto  P Care  of  Eimer  &  Amend,  z^  Aw. 

i8thSt.,  N.  Y.  City. 

897  Anderson,  Duncan,  Jr 104  8th  Ave.,  Roanoke,  Va. 

892  Andrews,  Frank  H Box  476,  Providence,  R.  I. 

893  Andrews,  George  F Care  of  Cornell  &  Andrews,  Providence,' 

R.  I. 

1892  Andrews,  Launcelot  W State  Univ.  of  Iowa,  Iowa  City,  la. 

♦  The  column  of  dates  at  the  left  hand  of  the  paye  gives  the  date  o/admissionofeich 
member  to  the  Society.    Members  and  associates  will  confer  a  favor  by  infortmngi 
secretary  of  any  error  in  name,  address,  or  date  of  admission. 
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M Sg$  Andrews,  W.  W. Ml.  Allison  College,  Sackville,  N.  B. 

X900  Ansbacher,  Louis  A 4  Murray  St.,  N.  Y.  City. 

1S94  Appleby,  Wm.  R 911  S.  £.  5th  St.,  Minneapolis^  Minn. 

X877  Appleton,  John  Howard Brown  Univ.,  Providence,  R.  I. 

1900  Archibald,  Eben  H Harmony,  Colchester  Co.,  N.  S. 

1900  Armsby,  H.  P State  College,  Pa. 

1S98  Armstrong,  Henry  E Central    Technical    College,    Exhibition 

Road,  Ivondon,  S.  W.,  England, 
i 896  Arnold,  Fred.  N.,Jr Care  of  The  N.   K.   Pairbank    Co.,   St. 

Louis,  Mo. 
1900  Amott,  Geo.  W.  Campbell  ..26  Broadway,  N.  Y.  City. 

1896  Asbury,  S.  E Dept.  of  Agr.,  Raleigh,  N.  C. 

1899  Ashley,  Harrison  E 947  Acushnet  Ave.,  New  Bedford,  Mass. 

1899  Atkinson,  Elizabeth  A 4109  Locust  St.,  Philadelphia,  Pa. 

1899  Atkinson,  J.  W Santa  Maria,  Cal. 

1897  Attix,  James  C 873  N.  24th  St. ,  Philadelphia.  Pa. 

1893  Atwater,  R.  M Solvay  Process  Co.,  Syracuse,  N.  Y. 

893  Atwater,  Wilbur  O Wesleyan  Univ.,  Middletown,  Conn. 

892  Atwood,  Frank  W Care  of  T.  L.  Mayo  &  Co.,  98  Commercial 

St.,  Boston,  Mass. 
898  Atwood,  Wm.  P II  Harding  St.,  Lowell,  Mass. 

898  Aubert,  A.  B Univ.  of  Maine,  Orono,  Me. 

894  Auchy,  George 6948  Hegerman   St.,   Tacony,    Philadel- 
phia, Pa. 

890  Austen,  Peter  T 52  Beaver  St.,  N.  Y.  City. 

899  Austin,  Ned  M 1236  Pennsylvania  Ave.,  Allegheny,  Pa. 

895  Avery,  Samuel Univ.  of  Idaho,  Moscow,  Ida. 

894  Axtell,  Frank  C Box  116,  Short  Hills,  N.  J. 

899  Aylsworth,  J.  W 223  Midland  Ave.,  East  Orange,  N.  J. 

898  BABB,  E.  E 61  Myrtle  St.,  Boston,  Mass. 

900  Bach,  August 537  Nelson  St.,  Chicago,  111. 

892  Baekeland,  Leo Care  of  Nepera  Chem.  Co.,  Nepera  Park, 

N.  Y. 

898  Baer,  S.  H 158  Chambers  St.,  N.  Y.  City. 

893  Bailey,  E.  H.  S Univ.  of  Kansas,  Lawrence,  Kans. 

895  Bailey,  Ralph  W 1165  E.  Jersey  St. ,  Elizabeth,  N.  J. 

891  Baird,  J.  W Mass.  College  of  Pharmacy,  Boston,  Mass. 

893  Baker,   Haydn  M 27  Hart  St.,  Brooklyn,  N.  Y. 

894  Baker,  John  T Easton,  Pa. 

894  Baker,  Philip  S De  Pauw  University,  Greencastle,  Ind. 

896  Baker,  Theodore Box  116,  Pompton  Lakes,  N.  J. 

900  Baldwin,  Charles  E 197  Auburn  St.,  Cambridgeport,  Mass. 

889  Baldwin,  Herbert  B 906  Broad  St.,  Newark,  N.  J. 

899  Bancroft,  Wilder  D 7  East  Ave.,  Ithaca,  N.  Y. 

899  Banghart,  Edgar  D Crete,  Nebr. 
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894  Bannan,  John  F '. North  Andover,  Mass. 

898  Bardwell,  Fred.  L Mass.  Inst.  Tech.,  Boston,  Mass. 

898  Baringer,  F.  J Care  of  Wm.  S.  Merrell  Chem.  Co.,(je- 

cinnati,  O. 

890  Barker,  George  F 3909  Locust  St.,  Philadelphia,  Pa. 

898  Barlow,  W.  H Pasadena,  Cal. 

900  Barnes,  Bayard • Sheffield  Chem.  Lab.,  New  Haven,  Cosa. 

899  Bamett,  E4win  S ....  * Mt.  Alvemo.  Delaware  Co..  Pa. 

896  Barrett,  Jesse  M 908  S.5th  St.,  Bast,  Cedar  Rapids,  Ioir«. 

895  Barrows,  W.  A.,  Jr Care     of    Mahoning   Valley   Iron  Co, 

Youngstown,  O. 

895  Bartlett,  E.  J Dartmouth  College,  Hanover,  X.  H. 

885  Bartley,  E.  H 21  Lafayette  Ave.,  BrookhTi,  N.  Y. 

891  Barton,  G.  E Care  of  Whitall,  Tatum  &  Co.,  FlintGlass 

Works,  MillviUe,  N.  J. 

896  Bartow,  Edward Univ.  of  Kansas,  Lawrence,  Kans. 

894  Basker\nlle,  Chas Univ.  of  N.  C.  Chapel  Hill,  N.  C. 

898  Bassett,  George  0 30  Famsworth  St.,  South  Boston,  Mas. 

898  Bassett,  Wm.  H N.  J.  Zinc  Co.,  Newark,  N.  J. 

898  Bates,  H.  R North  Weymouth,  Mass. 

898  Bauer,  Wm.  C Baker  Univ. .  Baldwin,  Kans. 

876  Baumgarten,  F.  M 485  Marshall  St.,  Milwaukee,  Wis. 

898  Baxter,  Gregory  P Haverford  Coll.,  Haverford,  Pa. 

899  Baxter,  William  T 254  New  York  St.,  Aurora,  111. 

898  Beach,  Irving  E Lawrence,  Mass. 

895  Beal,  J.  H Scio  College,  Scio,  Ohio. 

897  Beal,  W.  H Dept.  of  Agr.,  Washington.  D.  C. 

900  Beans,  Hal  T Univ  of  Nebr.,  Lincoln,  Nebr. 

895  Becher,  Jesse  B 1 104  Douglass  St.,  Sioux  City,  Iowa, 

898  Beck,  Herbert  H 105  A  Queen  St.,  Lancaster,  Pa. 

898  Beck,  Oscar  C 470  Second  St.,  Brooklyn,  N.  Y. 

893  Becnel,  L^zin  A Luling  P.  O.,  La. 

895  Beeson,  Jasper  L Ga.  Nor.  and  Indus.  Coll.,  Milledgevilfe, 

Ga. 

876  Behr,  Amo Arlington  Court,  Pasadena,  Cal. 

900  Behr,  Gustave  E.,  Jr Harvard  Univ.,  Cambridge,  Mass. 

896  Belden,  A.  W Birmingham  Cement  Co.,  Eusley,  Ala. 

896  Bellam,  Henry  L Box  27 1,  Anaconda,  Mont. 

893  Benjamin,  Marcus U.   S.    National   Museum,   Washington, 

D.  C. 

891  Bennett,  A.  A Iowa  State  College,  Ames,  Iowa. 

898  Bennett,  Frank  W 13  Broad  St.,  Boston,  Mass. 

898  Benson,  David  H Box  96,  North  Weymouth,  Mass. 

894  Benton,  Geo.  W 525  N.   Pennsylvania  St.,  Indianapolis, 

Ind. 
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igoo  Benton,  S.  Irving 249  E.  Logan  Sq.,  Philadelphia,  Pa. 

1894  Berghausen,  E.  J 644  Crown  St.,  Cincinnati,  O. 

1900  Berkeley,  Wm.  N Box  65,  San  Juan,  Puerto  Rico. 

1900  Bemhard,  Adolph Univ.  of  Chicago,  Chicago,  111. 

1891  Berry,  W.  G 329  W.  83rd  St.,  N.  Y.  City. 

1900  Bertelli,  Riccardo 20  W.  i6th  St.,  N.  Y.  City. 

1896  Best,  Otto Bay  and  Dupont  Sts.,  San  Francisco.  Cal. 

1898  Betts,  Anson  G Lanstngburg,  N.  Y. 

1897  Bevier,  Isabel Univ.  of  Illinois,  Champaign,  111. 

1899  Bigelow,  S.  Lawrence 321  S.  Division  St.,  Ann  Arbor,  Mich. 

1893  Bigelow,  W.  D Dept.  of  Agr.,  Washington,  D.  C. 

1895  Billings,  E.  F 144  High  St.,  Boston,  Mass. 

1894  Bird,  Herberts Care  of  N.   Y.  Tartar  Co.,  9th   St.  and 

Gowanus  Canal,  Brooklyn,  N.  Y. 

1899  Bird,  Maurice Calhoun,  La. 

1896  Bischoff,  Ernst 87-89  Park  Place,  N.  Y.  City. 

1895  Bizzell,  James  A W.  Raleigh,  N.  C. 

1900  Black,  Otis  F jo  Avon  St.,  Cambridge,  Mass. 

1898  Blackmore,  Henry  S 206  S.  9th  Ave.,  Mount  Vernon,  N.  Y. 

1899  Blackshear,  Charles  C The  Woman  *s  College,  Baltimore,  Md. 

1897  Blair,  A.  W Box  196,  Lake  City,  Fla. 

1894  Blair,  Andrew  A 406  Locust  St.,  Philadelphia. 

1900  Blake,  Lucien   I Univ.  of  Kansas,  Lawrence,  Kas. 

1898  Blanchard,  Arthur  A Mass.  Inst.  Tech.,  Boston,  Mass. 

1895  Blasdale,  W.  C 2614  Channing  Way,  Berkeley,  Cal. 

1893  Bloomfield,  Lloyd  M Marlboro,  Stark  Co.,  O. 

1893  Blouin,  R.  E Audubon  Park,  New  Orleans,  La. 

1895  Bogardus,  C.  E 60  Columbia  St.,  Seattle,  Wash. 

1894  Bogert,  Marston  T Havemeyer  Hall,  Columbia  Univ.,  Boule- 

vard and  Ii6th  St.,  N.  Y.  City. 
1900  Boggs,  Gilbert  H    603  S.  42nd  St.,  Philadelphia. 

1895  Bohm,  L.  K 320  Broadway,  N.  Y.  City. 

1900  Boiling,  Randolph Care  Va.  I.  C.  and  C.  Co.,  Buena  Vista 

Furnace,  Buena  Vista,  Va. 

1 89 1  Bolton,  H.  Carrington Cosmos  Club,  ^Washington,  D.  C. 

1900  Boltwood,  Bertram  B Sheffield  Scientific  School,  New  Haven, 

Conn. 

1900  Bonnet,  Frederic,  Jr 13  Mellen  St.,  Cambridge,  Mass. 

1896  Bookman,  Samuel 9  E.  62nd  St.,  N.  Y.  City. 

1880  Booraem,  J.  V.  V ^04  Lincoln  PI.,  Brooklyn,  N.  Y. 

1896  Boot,  J.  C Klatten,  Java,  Dutch  Bast  Indies. 

1896  Borland,  Charles  R Care  **  E.  C."  and  "Schultze'*  Powder 

Co.,  Oakland,  Bergen  Co.,  N.  J. 
1900  Boroschek,  Leopold 149  E.  56th  St.,  N.  Y.  City. 

1899  Bosart,  Louis  W.,  Jr Home  City,  Hamilton  Co.,  O. 

1893  Bouton,  Rosa Chem.  Dept.,  State  Univ.,  Lincoln,  Neb. 


1897  Bower,  W.  H 29th  St.  and  Gray's  Ferry  Road,  Phih- 

delphia,  Pa. 

1896  Bowman.  J.  W 54  S.  Huron  St.,  Wheeling,  W.  Va. 

1891  Bowman,  Walker Lynchburg,  Va. 

1894  Boyer,  Charles  S Camden,  N.  J. 

1891  Boynton,  C.  Smith 69  N.  Prospect  St,  Burlington,  Vt. 

1894  Brackett.  R.  N Box  13,  Clemson  College,  S.  C. 

1899  Bradbury.  Robert  H Central  M.  T.  School,  Philadelphia,  Pa. 

1898  Bradford,  Ernest Ohio  State  Univ..  Columbus,  O. 

1899  Bradley,  Walter  P 242  High  St.,  Middletown,  Conn. 

1898  Bragg,  Charlotte  A Wellesley  College,  Wellesley,  Mass. 

1880  Bragg,  E.  B 242  Kennard  St.,  Cleveland,  O. 

1896  Brakes,  James Care  Chateaugay  Ore  and  Iron  Co.,  Lvoo 

Mountain,  N.  Y. 

1 900  Breer,  Louis Builders  Iron  Foundry,  Providence,  R.  I, 

1899  Bregowsky,  Ivan  M Soci^t^  Anonyme    Westinghonse,  2  Pril- 

ukskaya,  St  Petersbourg,  Russia. 

1883  Breneman,  A.  A 97  Water  St.,  N.  Y.  City. 

1890  Brewer,  C.  E Wake  Forest,  N.  C. 

1899  Brewster,  Edward  E 316  East  C  St.,  Iron  Mountain,  Mich. 

1892  Breyer,  Theodor P.  O.  Box  112,  Peoria,  111. 

1892  Briggs,  T.  L Box  533,  Ridgewood,  N.  J. 

1893  Brinker,  Harry  L 530  Covington  St.,  Youngstown,  O. 

1895  Broadhurat,  W.  Homer 13-21  Park  Row,  N.  Y.  City. 

1899  Brown,  H.  E 107  Marshall  St.,  Coldwater.  Mich, 

1893  Brown,  H.  F U.  S.  Naval  Torpedo  Station,  Newport, 

R.  I. 

1894  Brown,  Lucius  P 150  N.  Cherry  St.,  Nashville,  Tenn. 

1896  Brown,  Thomas,  Jr La  Gran    Fundicion   Central  Mexicana, 

Aguascalientes,  Mexico. 

1900  Brown,  Walter  B Care  of  Nelson  Morris  &  Co.,  U.  S.  Yards. 

Chicago,  111. 

1877  Brown,  W.  G Univ.  of  Mo.,  Columbia,  Mo. 

1894  Browne,  Arthur  L Baltimore    Medical   College,    Baltimore, 

Md. 

1898  Browne,  Charles  A.,  Jr Univ.  of  Gottingen,  Gottingen.  Gennanj. 

1897  Browning,  Philip  E KentChem.  Lab.,Yale  Univ..  New  Haven, 

Conn. 

1893  Bruckmann,  Gustav  T 192  i8th  St.,  Brooklyn,  N.  Y. 

1899  Brush,  Charles  F * 1003  Euclid  Ave.,  Cleveland,  O. 

1898  Bucher,  John  E R.  I.  Coll.  A.  and  M.  Arts,  Kingston,  R.  I. 

1894  Buck,  C.  Austin Bethlehem  Steel  Co.,  So.  Bethlehem.  Pa. 

1898  Buffington,  Elisha  L 33  Chestnut  St..  Worcester,  Mass. 

1900  Bullard,  Frank  D 245  Bradbury  Block,  Los  Angeles,  Cal. 

1897  Burk,  W.  E Male  High  School,  Louisville,  Ky. 
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1894  Burleigh,  Wm.  F Care  of  West  Bergen  Steel  Works.  Jersey 

City,  N.  J. 
1897   Bum,  Harry Sloss-Sheffield  S.  and  I.  Co.,   Birming- 
ham, Ala. 

1895  Bumside,  Charles  P Int.   Sm.   Powder    and    Dynamite    Co., 

South  Amboy,  N.  J. 
1894  Burr,  E.  C 1722  Vallejo  St.,  San  Prancisco,  Cal. 

1894  Burrell,  Loomis Care  of  D.    H.   Burrell  and  Co.,  Little 

Falls,  N.  Y. 

1895  Burt,  M.  C Penna.  Mil.  Coll.,  Chester,  Pa. 

1894  Burwell,  Arthur  W 208  Superior  St.,  Cleveland,  O. 

1898  Busby,  Fred.  £ Adams,  Mass. 

1892  Bush,  Charles  S 212  Weybosset  St.,  Providence,  R.  I. 

1900  Button,  Ok Box  233,  Trenton,  Mich. 

1892  Byrnes,  Eugene  A U.  S.  Patent  Office,  Washington,  D.  C. 

1899  C: ADY.  Walter  B Expt.  Station,  Columbia,  Mo. 

1899  Cairns,  Fred.  I Anaconda,  Mont. 

1890  Caldwell,  G.  C Cornell  Univ.,  Ithaca,  N.  Y. 

1896  Caldwell,  Thomas  O Virginia  City,  Mont. 

1893  Calkin,  W.  S '...Spring  Forge,  Pa. 

1898  Calvert,  Sidney State  Univ.,  Columbia,  Mo. 

1^5  Cameron,  Frank  K Cosmos  Club,  Washington,  D.  C. 

1893  Camp,  J.  M Duquesne  Steel  Works,  Duquesne,  Pa. 

1899  Campbell,  Archibald 3140  Duwell  Ave.,  Walnut  Hills,  Cincin- 

nati, O. 
1892  Campbell,  Edward  D 13 10  Hill  St.,  Ann  Arbor,  Mich. 

1894  Campbell,  George  F 82  Broadway,  New  Haven,  Conn. 

1896  Cappon,  Thomas  W 688  E.  139th  St,  N.  Y.  City. 

1899  Carel,  Herbert  C College  of  Medicine,  Univ.  of  Minnesota, 

Minneapolis,  Minn. 

1895  Carlsson,  Hugo Dominion  Iron  and  Steel  Co.,   Sydney, 

Cape  Breton,  N.  S. 

1895  Carman,  John  S 472  2nd  Ave.,  Detroit,  Mich. 

1895  Carmichael,  Henry 12  Pearl  St.,  Boston,  Mass. 

1895  Camell,  Wm.  C Care  of  Nelson  Morris  &  Co.,  U.S.  Yards, 

Chicago,  111. 

1898  Carpenter,  F.  B Va.-Ca.  Chemical  Co.,  Richmond,  Va. 

1894  Carpenter,  Thomas  B 142  N.  Pearl  St.,  Bu£Falo,  N.  Y. 

1899  Carr,  Louis  B Ouray,  Colo, 

1898  Carr,  Robert  F 145  Van  Buren  St,  Chicago,  111. 

1900  Carveth,  Hector  R Chem.  Lab.,  Cornell  Univ.,  Ithaca,  N.  Y. 

1898  Casamajor,  Walter 372  Greene  Ave.,  Brooklyn,  N.  Y. 

1896  Case,  Wm.  A 412  E.  Randall  St.,  Baltimore,  Md. 

1894  Cathcart,  Charles  S New  Brunswick,  N.  J. 

1890  Catlin,  Charles  A 133  Hope  St.,  Providence,  R.  I. 
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886  Cawlcy,  John 278  Passaic  St.,  Newark,  N.  J. 

899  Cay  van,  Llewellyn  L 499  Adams  St.,  Chicago,  111. 

899  Chace,  Edward  MacKay Berwyn,  Md. 

898  Chalon,  P  F 86  Rue  Cardinet  86,  Paris,  France. 

898  Chamberlain.  George  E Glucose  Works,  Beach  and  Taylor  Sts,, 

Chicago,  111. 

899  Chamberlain,  Joseph  S Oberlin  College.  Oberlin,  O. 

896  Chamberlin,  W.  E 127  Pearl  St. ,  N.  Y.  City. 

896  Chamot.  E.  M Cornell  Univ.,  Ithaca.  N.  Y. 

876  CHANDLER,  C.  F Columbia  Univ.,  N.  Y.  City. 

894  Chandler,  Wm .  H South  Bethlehem,  Pa. 

898  Chapin,  L.  Paul Mass.  Inst.  Tech.,  Boston,  Mass. 

1JB94  Chapman,  D.  W 552  23d  St.,  Chicago,  111. 

900  Chase,  March  P Mineral  Point  Zinc  Co.,  Mineral  Point, 

Wis. 

893  Chatard,  Thomas  M 1714   Rhode    Island   Ave. ,   Washington, 

D.  C. 

895  Chauvenet,  W.  M 620  Chestnut  St. ,  St.  Louis,  Mo. 

891  Chazal,  P.  E Box  284,  Charleston,  S.  C. 

896  Cheney,  John  P So.  Manchester,  Conn. 

895  Chesnut,  Victor  King    Riochemic  Lab.,  Dept.  of  Agr.,  Washing- 

ton, D.  C. 

876  Chester,  Albert  H 39  College  Ave.,  New  Brunswick,  N.  J. 

898  Chittenden,  Russell  H Yale  Univ.,  New  Haven,  Conn. 

897  Claflin,  Alan  A Littleton,  Mass. 

891  Clapp,  George  H 375  Water  St.,  Pittsburg,  Pa. 

896  Clark,  Arthur  W Const      ocken.  Pa. 

897  Clark,  Edmund 105  Beech  St.,  Flushing,  N.  Y. 

898  Clark,  Harry  W Room  502,  State  House,  Boston,  Mass. 

891  Clarke,  F.  W Geol.  Survey,  Washington,  D.  C. 

895  Clarke,  Thomas Bureau  of  Animal   Industry,    Biochemic 

Div..  Washington,  D.  C. 

898  Clement,  Arthur  A Amer.  Cotton  Oil  Co.,  277  Dearborn  St., 

Chicago,  111. 

899  Clements,  Frank  O Pa.  R.  R.  Chem.  Lab.,  Altoona,  Pa. 

894  Cleveland,  W.  P Joplin,  Mo. 

899  Closson,  CD Green  Cons.  Copper  Co.,  Box  378,  Bisbee, 

Ariz. 

900  Cluff,  Clarence  B 6608  Stewart  Ave, ,  Chicago,  III. 

893  Coates,  Charles  E.,  Jr  .' Louisiana  State  Univ.,  Baton  Rouge,  La. 

895  Cobleigh,  W.  M Montana  State  College,  Bozeman.  Mont. 

897  Coblentz,  Virgil 115  W.  68th  St.,  N.  Y.  City. 

898  Cobum,  Arthur  S 49  Oak  St.,  Lowell,  Mass. 

898  Cobum,  D.  L 177  Stete  St.,  Boston,  Mass. 

894  Cochran,  C.  B 514  S.  High  St.,  West  Chester.  Pa. 


X898  Cochrane,  A.  Lynde Care  of  Cochrane  Chem.   Co.,  Everett, 

Mass. 

1900  CockriU,  Irvin Bozeman,  Mont. 

1899  Coggeshall,  George  W 11  Prescott  Hall,  Cambridge,  Mass. 

1899  Coit,  J.  Milner St.  Paul's  School,  Concord,  N.  H. 

188 1   Colby,  Albert  Ladd Bethlehem  Steel  Co.,  South  Bethlehem, 

Pa. 

1897  Colby,  Edward  A Care  of  Baker  Platinum  Wks.,  Newark, 

N.  J. 

1900  Colley,  Bernard  T Care  of  C.  K.  C.  S.  and  R.  Co.,  Argen- 

tine, Kas. 

1898  Collins,  John  A.,  Jr Atlantic  Mills,  Lawrence,  Mass. 

1898  Comey,  Arthur  M 54  Concord  Ave.,  Cambridge,  Mass. 

1897  Commiskey,  Archibald  F  ....  155  6th  Ave.,  Brooklyn,  N.  Y. 

1 891   Congdon,  E.  A Drexel  Institute,  Philadelphia,  Pa. 

1899  Conner,  Samuel  D Expt.  Station,  Lafayette,  Ind. 

1894  Conradson,  P.  H Galena  Oil  Works,  Franklin,  Pa. 

1899  Converse,  Wm.  A    29-33  Rialto  Bldg. ,  Chicago,  111. 

1898  Cook,  A.  D N.  Y.   State  Agr.    Expt.   Sta.,   Geneva, 

N.  Y. 

1899  Cook,  Charles  G Boys'  High  School,  Brooklyn,  N.  Y. 

1899  Cook,  Robert  A New  Brunswick,  N.  J. 

1893  Comelison,  R.  W Care  of  McKenzie  Bros.  &  Hill,  Bloom- 

field,  N.  J. 

1899  Corse,  Wm.  Malcolm 3553    Bogart    Ave.,     Avondale,    Cincin- 

nati, O. 
1898  Cottle,  George  T 39  Curtis  Ave.,  Wallingford,  Conn. 

1892  Couch,  Guy  E Hartwell,  Hamilton  Co.,  O. 

1894  Coutie,  William 2129  7th  Ave.,  Troy,  N.  Y. 

1898  Cowen,  George  A 26  Adelaide  St.,  Jamaica  Plain,  Boston, 

Mass. 

1898  Crafts,  James  M Mass.  Inst.  Tech.,  Boston,  Mass. 

1900  Craig,  Archibald  G 6ri2  Station  St.,  Pittsburg,  Pa. 

1893  Crampton,  C.  A Treas.  Dept.,  Washington,  D.  C. 

1899  Crane,  Frederick 28  Hillside  Ave.,  Montclair,  N.  J. 

1896  Crane,  Wm.  H 20  W.  9th  St.,  Cincinnati,  O. 

1900  Cratty,  John  M Chem.  Lab.,  Navy  Yard,  Norfolk,  Va. 

1897  Craver,  Harrison  W Care  of  Schoenberger  Steel   Co.,   Pitts- 

burg, Pa. 

1894  Crobaugh,  Frank  L 17  Bratenahl  Building,  Cleveland,  O. 

1898  Crocker,  Charles  S 23  Beach  St.,  Pawtucket,  R.  I. 

1900  Croftan,  Alfred  C Vandevort  Block,  Pasadena,  Cal. 

1891  Crumbie,  Wm.  D U.  S.  Lab.,  641  Washington  St.,  N.  Y. 

City. 
1900  Cuadrado,  Gaston  A Calle  de  la  Habana  112,  Habana,  Cuba. 

2 


* 


i8 

898  Culmann,  Julius 400  W.  153rd  St.,  N.  Y.  City. 

899  Curtis,  Marvin 123  California  St. ,  San  Francisco.  Cai 

896  Cushman,  Allerton  S •  -"• Bryn  Mawr  College,  Bryn  Mawr,  Pa. 

894  Cutter,  W.  P Library  U.   S.   Dep't  Agr.,  Washingtoc. 

D.  C. 

896  Cutts,  Henry  E 65  Columbia  Heights,  Brooklyn,  X.  Y. 

897  DAGGETT,  W.  \V Care  of  Bertha  Mineral  Co.,  Box  35,  Pu- 

laski,  Va. 

900  Dailey,  J.  Glanding Care  of  Ledoux  &  Co.,  99  John  St.,  N.  Y. 

City. 
893  Dains,  K.  B 2421  Dearborn  St.,  Chicago,  111. 

897  Dales,  Benton Box  1203,  Cascadilla  Place,  Ithaca,  N.  Y. 

893  Daniells,  Wm.  W Univ.  of  Wis.,  Madison,  Wis. 

886  Davenport,  B.  F 161  Treniont  St.,  Boston,  Mass. 

895  Davidson,  George  M Chi.  &  N.  W.   Ry.,  Testing  Dept.,  Chi- 

cago, III. 

900  Davis,  Charles  B Care   of   Dr.  Wyatt,  39  S.  William  St. 

N.  Y.  Citv. 

896  Davis,  Floyd 316-317  Iowa  Loan  and  Trust  Bldg.,  D£s 

Moines,  Iowa. 
9CX)  Davis,  Robert  S  1330  12th  Ave.,  Altoona.  Pa.    ' 

893  Davis,  Wm.  Walley,  Jr Care  of  Va.  I.  C.  and  C.  Co.,  Bristol,  Va.- 

Tenn. 

894  Davison,  John  M 340  Oxford  St. ,  Rochester,  N.  Y. 

897  Davoll,  David  L Care    Peninsular    Sugar  Refining  Co.. 

Caro,  Mich. 

898  Day.  David  T U.  S.  Geol.  Survey,  Washington,  D.  C. 

894  Dean,  Wm.  H 89  W.  River  St.,  Wilkesbarre,  Pa, 

894  De  Bennev-ille,  James  S University  Club,  1510  Walnut  St.,  Phila- 
delphia, Pa. 

898  Deck,  James  J Georgetown  Univ.,  Georgetown,  D.  C. 

894  DeConinck,  Frank 102  Ellis  St.,  San  Francisco,  Cal. 

895  DeFremery,  James  L 44  Broadway,  N.  Y.  City. 

890  Deghu^e,  Joseph  A 247  Harrison  St.,  BrookljTi,  N.  Y'. 

900  Denham,  Henry  H 146  N.  Pearl  St.,  BufiFalo,  N.  Y. 

891  Dennis,  L.  M Cornell  University,  Ithaca,  X.  Y. 

897  Derby,  W.  G Care  of  Nichols  Chem.  Co.,  Laurel  Hill 

N.  Y. 

895  DeRoode,  Rudolf Care  of  International  Paper  Co.,  Glens 

Falls,  N.  Y. 

893  De  Schweinitz,  E.  A Biochemic  Lab..  Dept.  of  Agr.,  Washing- 
ton, D.  C. 

895  Desper,  E.  W 39  Westminster  St.,  Worcester,  Mass. 

893  Dewey,  F.  P 702  9th  St.,  N.  W,,  Washington,  D.  C. 

898  Dickerman,  Judson  C 10  Minot  St.,  Wobum,  Mass. 
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1893   Dickerson,  Edward  N 141  Broadway,  N.  Y.  City. 

1899  Dickson,  J.  C 218  N.  Jefferson  St,  Muncie,  Ind. 

1 898  Dickson,  W.  E Care  of  Spearman  Iron  Co. ,  Sharpsville, 

Pa. 

1899  Dieckmann,  Otto 1 182  Harrison  Ave.,  Cincinnati,  O. 

I9CK>  Diehl,  O.  C Biological    Lab. ,    Parke,  Davis    &  Co., 

Detroit,  Mich. 

1899  I>ivine,  Robert  E Hamburg,  Erie  Co.,  N.  Y. 

1899  Dixon,  John  B Collins  House,  Glens  Falls,  N.  Y. 

1897  Doan,  Martha M.  T.  High  School,  Indianapolis,  Ind. 

1 895   Dobbin,  Leonard Univ.  of  Edinburgh,  Edinburgh,  Scotland. 

1891    Dodge,  F.  E Lansdowne,  Pa. 

1895   Doerflinger,  Wm.  F 85  Lafayette  Ave.,  Brooklyn,  N.  Y, 

1898  Doggett,  Chas.  S Niagara  Falls,  N.  Y. 

1891   Dohme,  Alfred  R.  L Care  of  Sharp    &  Dohme,  Mfg.  Chem., 

Baltimore,  Md. 

1894  Doolittle,  O.  S 130  N.  5th  St.,  Reading,  Pa. 

1900  Doolittle,  R.  E State  Dairy  and  Food  Com.,    Lansing, 

Mich. 
1876  Doremus,  Chas.  A 17  Lexington  Ave.,  N.  Y.  City, 

1894  Dorr,  John  V.  N Golden  Gate  M.  and  M.  Co.,  Deadwood, 

S.  D. 

1895  Dorset,  F.  Marion Biochemic    Lab.,   Dept.  of  Agr.,  Wash- 

ington, D.  C. 

1879  Doscher,  Henry   122  E.  37th  St.,  N.  Y.  City. 

1 900  Douglas,  William Plantation   Diamond,   Demerara,  British 

Guiana. 

1895  Dow,  Allan  W District  Building,  Washington,  D.  C. 

1898  Dow,  Herbert  H Midland,  Mich. 

19CO  Downey,  James  E High  School,  Holyoke,  Mass. 

1898  Doyle,  Aida  M 1902  Third  St.,  N.  W.,  Washington,  D.  C. 

1898  Drake,  C.  F 4555  Lake  Ave.,  Chicago,  111. 

1894  Drew,  Charles  W 505  Century  Building,  Minneapolis,  Minn. 

1 892  Drown,  T.  M Lehigh  Univ.,  South  Bethlehem,  Pa. 

1886  Drummond,  I.  W 436  W.  22nd  St.,  N.  Y.  City. 

1898  Duckworth,  Harry  S Cocheco  Mfg.  Co.,  Dover,  N.  H. 

1876  DUDLEY,  CHARLES  B. . . .  Drawer  334,  Altoona,  Pa. 

1890  Dudley,  Wm.  L Vanderbilt  University,  Nashville,  Tenn. 

1897  Duffield,  Samuel  P Dearborn,  Wayne  Co.,  Mich. 

1881  Dunham,  E.  K 338  E.  26th  St.,  N.  Y.  City. 

1898  Dunlap,  Fred.  L Worcester  Poly.  Inst.,  Worcester,  Mass. 

1900  Dunn,  Willis  A Santa  Ana,  Cal. 

1894  Dunnington,  F.  P Univ.  of  Va.,  Charlottesville,  Va. 

1895  I)u  Pont,  Francis  G      Wilmington,  Del. 

1893  Du  Pont,  Pierre  S The  Johnson  Co.,  Lorain,  O. 
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1898  Durfee,  Winthrop  C 8z   Sedgwick  St.,  Jamaica  Plain,  Bostse. 

Mass. 

898  Durkee,  Wm.  C 392  Boylston  St.,  Boston,  Mass. 

899  Duryea,  Chester  B Sioux  City,  Iowa. 

900  Diistin,  Guy  K 30  Lenango  St.,  Binghamton.  N.  Y. 

899  Du  Vivicr.  Ernest  H 22  Warren  St.,  N.  Y.  City. 

897  EACH  US,  Charles Coatesvillc,  Pa. 

900  Earle,  Richard  B 403  Craigie  Hall,  Cambridge,  Mass. 

894  Bavenson,  Alban  2013  Vine  St.,  Philadelphia,  Pa. 

900  ElMiugh,  W.  Clarence 3741  Lancaster  Ave.,  Philadelphia,  Pa. 

894  Eberman,  William  S Encampment,  W^yoming. 

894  Eccles,  Robert  G 191  Dean  St.,  Brooklyn,  N.  Y. 

899  Eckfeldt,  Jacob  B U.  S.  Mint,  Philadelphia. 

894  Eddy,  Harrison  P City  Hall,  Worcester,  Mass. 

897  Edgar,  C.  G 565  Woodward  Ave..  Detroit,  Mich. 

899  Edgerly,  D.  W Care  Chilton  Paint  Co.,  College  Pbmt. 

N.  Y. 

893  Edson,  Hubert Patterson,  La. 

895  Ehrenfeld,  Charles  H Collegiate  Institute,  York,  Pa. 

894  Eichberg,  Julius  H > . .  *  Groton  Bldg.,  7th  and  Race  Sts..  Cindo- 

nati,  O. 
879  Einier,  August Third  Ave.  and  1 8th  St .,  N.  Y.  City. 

898  Ekeley,  John  B St.  PauPs  School,  Garden  City,  N.  Y. 

899  Ellery,  James  B 322  Pine  St.,  Steelton,  Pa. 

898  Elliott,  A.  H 4  Irving  PI.,  N.  Y.  City. 

896  Elliott,  Edward  C 212  W.  9th  St.,  Leadville,  Colo. 

893  Elliott,  Russell 34  S.  Main  St.,  Dayton,  O. 

891  Ellis,  G.  H 163  Randolph  St.,  Chicago,  111, 

898  Ellms,  Joseph  W Lab.  Com.  of  Water  \\Tcs,.  E.  Court  and 

Martin  Sts.,  Cincinnati,  O. 

898  Elworthy,  H.  S 2    Peel  Terrace,    Ha\Te-des-Pas,   Jersey, 

Channel  Islands. 

898  Ely,  Charles  R Gallaudet  College,  Washington,  D.  C- 

894  Ely,  G.  S Patent  Office,  Washington,  D.  C. 

895  Emerson,  Wm.  H Georgia  School  of  Technology,  Atlanta, 

Ga. 

900  Emery,  A.  L-  •  •  •  • Palo  Alto,  Cal. 

890  Emmens,  Stephen  H i  Broadway,  N.  Y.  City. 

876  Endemann,  Hermann 23  William  St.,  N.  Y.  City. 

892  Enequist,  John 556  Greene  Ave.,  Brooklyn,  N.  Y. 

898  Engle,  W.  D University  Park,  Col. 

895  Enright,  Bernard 330  E.  4th  St.,  So.  Bethlehem,  Pa. 

894  Escher,  Paul Care  of  Acker  Process  Co.,  Niagara  Falls. 

N.  Y.   " 

899  Eustis,  Allen  C 14 10  Jackson  Ave.,  New  Orleans,  La. 

897  Evans,  Ernest Woodward  Iron  Co. ,  Woodward,  Ala. 
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1900  Evans,  James  A -  •  26th  and  Peach  Sts.,  Erie,  Pa. 

1894  Evans,  Thomas Univ.  of  Cincinnati,  Cincinnati,  O. 

1897  Evans,  Wm.  L Box  1461,  Colorado  Springs,  Colo. 

1893  Ewell,  E.  E 1804  S  St.,  N.  W.,  Washington,  D.  C. 

1894  Eyster,  George  S 19  Central  St.,  Boston,  Mass. 

1898  F*ADE,  Louis Box  106,  Perth  Amboy,  N.  J. 

1897  Fahlberg,  Constantin Salbke  bei  Magdeburg,  Germany. 

1894  Falkenau,  Louis 434  California  St.,  San  Francisco,  Cal. 

1893  Famsworth,  John  P 26  Tobey  St.,  Providence,  R.  I. 

1898  Farwell,  Seymour  A 472  Rutherford  Ave.,  Charlestown,  Mass. 

1895  Fassett,  Chas.  M 1 14  Mill  St.,  Spokane,  Wash. 

1899  Faust,  John  K Carpenter  Steel  Co. ',  Reading,  Pa. 

1898  Fay,  Henry Mass.  Inst.  Tech.,  Boston,  Mass. 

1897  Fay,  Irving  W 544  9th  St.,  Brooklyn,  N.  Y. 

1894  Feid,  George  F 519  Findlay  St.,  Cincinnati,  O. 

1898  Fell,  J.  William Asheville,  N.  C- 

1892  Fennel,  C.  T.  P S.  E.  Cor.  8th  and  Race  Sts.,  Cincinnati,  O. 

1896  Ferguson,  George  A College  of  Pharmacy,   115  W.  68th  St., 

N.  Y.  City. 
1890  Ferguson,  W.  C 40  N.  Parsons  Ave.,  Flushing,  N.  Y. 

1899  Fetterman,  John  C Western    Univ.    of   Pennsylvania,   Alle- 

gheny, Pa. 

1894  Field,  Charles,  3d 1747  Lawrence  St.,  Denver,  Colo. 

1897  Fielding,  Frank  E Box  265,  Virginia  City,  Nev. 

1895  Fields,  John Expt.  Station,  Stillwater,  Okla. 

1894  Fireman,  Peter Columbian  Univ.,  Washington,  D.  C. 

1898  Fischer,  Louis  A U.  S.  Coast  and  Geodetic  Survey,  Wash- 

ington, D.  C. 

1899  Fischer,  Robert 810  Franklin  Ave.,  Columbus,  O. 

1898  Fisher,  Henry 108  E.  70th  St.,  N.  Y.  City. 

1894  Fitz- Randolph,  Raymond  B  -Hoagland  Lab.,  Brooklyn,  N.  Y. 
1894  Fleck,  Hermann Belleville,  N.  J. 

1897  Flintermann,  R.  F Deadwood,  S.  D. 

1897  Flynn,  O.  R 6617  Drexel  Ave.,  Chicago,  111. 

1900  Fogetti,  Lucien Care   Andrew  Jergens  and   Co.,   Spring 

Grove  Ave.,  Cincinnati,  O. 

1899  Folsom,  Herbert  A Atlantic  Mills,  Providence,  R.  I. 

1894  Foote,  Henry  B 2628 Hackberry  St.,  Walnut  Hills,  Cincin- 
nati, O. 

1894  Forbes,  Fred.  B 502  State  House,  Boston,  Mass. 

1894  Ford,  Allen  P Care  of  Crane  Co.,  Chicago,  111. 

1894  Forrest,  Charles  N Chemist  L.  I.   R.  R.,  Long  Island  City, 

N.  Y. 

1895  Fosdick,  E.  H 1505  S.  Grand  Ave.,  Los  Angeles,  Cal. 

1897  Fossler,  Mary  L 734  N.  9th  St.,  Lincoln,  Neb. 
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894  Fourneaux,  Emile  A Box  284,  Pawtucket,  R.  I. 

896  Fox,  H.  W Care  of  De  Lar  Mar's  Mercor  Mines  Co. 

Mercur,  Utah. 

897  Francis,  John  M Care   of    Parke,    Davis  &  Co.,  Daiwt. 

Mich. 

891  Frank.  J.  W 734  E.  14th  St.,  N.  Y.  City. 

893  Frank forter,  George  B Dept.  of  Chem.,  Univ.  of  Minn.,  Mime- 

apolis,  Minn. 

899  Franklin,  Arthur  1 100  Canal  St.,  Cleveland,  Ohio. 

895  Franklin,  Edward  C Lawrence,  Kan. 

900  Frazee,  F.  H 416  Concord  Ave.,  Detroit,  Mich. 

891  Frear,  William State  College,  Pa. 

897  Freer,  Paul  C Univ.  of  Mich.,  Ann  .\rbor,  Mich. 

893  Frerichs,  F.  W Herf  &  Frerichs  Chem.  Co..  St  Lonij, 

Mo. 
888  Fries,  H.  H 92  Reade  St.,  N.  Y.  City. 

893  Fries,  J.  August* State  College,  Pa. 

894  Froehling,  Henry 17  S.  12th  St.,  Richmond,  Va. 

895  Frohman,  Edward  D Care  of  O.  Hommel  &  Co.,  234  St  and 

Penn  Ave.,  Pittsbuig,  Pa. 

892  Frost,  Howard  V Arlington,  Mass. 

894  Fuelling,  John  L New  Durham,  N.  J. 

896  Fullam,  Frank  L U.  S.  Naval   Torpedo  Station,  Xevport. 

R.  I. 

894  Fuller,  Frederick  D 14  Elmwood  Ave.,  Geneva,  N.  Y. 

895  Fuller,  George  W 220  Broadway,  N.  Y.  City. 

894  Fulmer,  Elton Agr.  Expt.  Sta.,  Pullman,  Wash. 

898  GABRIEL,  George  A Box  390,  Cumberland  Mills,  Mc. 

898  Gage,  Stephen  DeM Expt.  Sta. ,  Lawrence,  Mass. 

894  Gaines,  Richard  H Dept.  of  Agr.,  Richmond,  Va. 

893  Gallaher,  Phil.  C 120  W.  6th  St.,  Leadville,  Colo. 

899  Gallivan,  Frank  B Polytechnic  Institute,  Brooklyn,  N.  Y. 

897  Gallup,  Harriet  T Kodak  Park,  Rochester,  N.  Y. 

900  Garduno,  Jesus Aguascalientes,  Mexico. 

899  Garrigues,  W.  E 1 123  Broadway,  N.  Y.  City. 

894  Gascoyne,  W.  J 36  S.  HoUiday  St. ,  Baltimore.  Md. 

895  Gaylord,  W.  K  Throop  Polytechnic  Institute,  Pasadena, 

Cal. 

886  Geisler,  J.  F Room  38,  6  Harrison  St.,  N.  Y.City. 

893  Genth,  F.  A.,  Jr 103  N.  Front  St..  Philadelphia,  Pa. 

898  Georgii,  Max 606  F  St.,  N.  W.,  Washington.  D.  C. 

898  Gere,  Mariel.C 849  D  St.,  Lincoln,  Neb. 

900  Gerlach,  Oscar Mich.  Port.  Cem.  Co. ,  Coldwater,  Hid 

897  Getman,  F.  H 196  Atlantic  St.,  Stamford,  Conn. 

900  Getz,  Wm.  H Office  of  City  Chemist,  1 141  Market  SL, 

St.  Louis,  Mo. 
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877  Geyer,  Wm.  E *  Stevens  Institute,.  Hoboken,  N.  J. 

899  Gibson,  Harriet  W 77  Washington  Ave.,  Newark,  N.  J. 

899  Giddings,  Harry  DeWitt  ....  143  E.  27th  St.,  N.  Y.  City. 

898  Gies,  Wm.  J 437  W.  59th  St. ,  N.  Y.  City. 

899  Giflford,  Wm.  E 69  6th  St.,  Long  Island  City,  N.  Y. 

894  Gill,  Augustus  H Mass.  Inst.  Tech.,  Boston,  Mass. 

900  Ginder,  W.  H.  H Vandergrift,  Pa. 

899  Given,  Arthur i  Plymton  St.,  Worcester,  Mass. 

898  Glaesel,  Theodore 278  Centre  St.,   Jamaica  Plain,  Boston, 

Mass. 
894  Glaser,  Charles 21  S.  Gay  St.,  Baltimore,  Md. 

898  Glasoe,  Paul  M Univ.  of  Minn.,  Minneapolis,  Minn. 

894  Glenn,  Wm 1348  Block  St.,  Baltimore,  Md. 

894  Glover,  Henry East  Falls,  Schuylkill,    Philadelphia,  Pa. 

899  Goddard,  H.N Normal  School,  Oshkosh,  Wis. 

898  Godley.  George  McM ''The  Endicott,'*  8istSt.,West,  N.  Y.  City. 

876  Goessmann,  C.  A Amherst,  Mass. 

899  Goldman,  A 45  Cedar  St.,  N.  Y.  City. 

876  Goldschmidt,  S.  A    43  Sedgwick  St.,  Brooklyn,  N.  Y. 

894  Goldsmith,  E 658  N.  loth  St.,  Philadelphia,  Pa. 

89A  Gomberg,  M Ann  Arbor,  Mich. 

898  Gooch,  F.  A Yale  Univ.,  New  Haven,  Conn. 

897  Gooch,  George  W Chaff ey  College,  Ontario,  Cal. 

900  Goodell,  George  A 284  St.  Nicholas  Ave.,  N.  Y.  City. 

898  Goodhue,  Leonard  H 6  Chestnut  St.,  Salem,  Mass. 

899  Goodrich,  Arthur  L 2103  Baronne  St.,  New  Orleans,  La. 

899  Gore,  Herbert  C Ohio  State  Univ.,  Columbus,  O. 

898  Gotthelf ,  August  H Hastings-on-Hudson,  N.  Y. 

895  Grabfield,  Joseph  P 1915  Indiana  Ave.,  Chicago,  111. 

895  Graham,  R.  O ^.  111.  W^esleyan  Univ.,  Bloomington,  111. 

898  Graham,  S.  L Rome,  Ga. 

899  Granja,  Rafael .    ., Box  1538,  Paterson,  N.  J. 

896  Graves,  Geo.  H Fairfield  Chem.  Wks.,  Bridgeport,  Conn. 

893  Graves,  W.  G 555  Sibley  St.,  Cleveland,  O. 

900  Green,  Erik  H 112  Newbury  St.,  Boston,  Mass. 

894  Green,  Franklin  T 500  Devisadero  St.,  San  Francisco,  Cal. 

898  Greenwood,  Harry  D Everett  Mills,  Lawrence,  Mass. 

897  Griffin,  James  H Patent  Office,  Washington,  D.  C. 

898  Griffin,  John  J Catholic  Univ.  of  America,  Wa.shington, 

D.  C. 

890  Griffin,  Martin  L Mechanicsville,  Saratoga  Co.,  N.  Y. 

930  Griffith,  H.  E Galesburg,  111. 

899  Griffith,  Mary  D 3914  Walnut  St.,  Philadelphia,  Pa. 

892  Griffith,  S.  H U.  S.  Naval  Museum  of  Hygiene,  Wash- 
ington, D.  C. 
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895  Grindley,  H.  S 918  W.  Green  St.,  Urbana^IU. 

898  Gronemeyer,  Herman  H 731  Giddings  Ave.,  Cleveland,  0. 

899  Gross,  Abraham  --. 341  Oakland  Ave.,  Pittsburg,  Pa. 

894  Grosvenor.  W.  M.,  Jr Box  183,  Englewood,  N.  J. 

899  Gruenbeix,  Benjamin  C U.  S.   Lab.,  641  Washington  St,  X.Y 

City. 
899  Gruener,  Hippoljrte Adelbert  College,  Cleveland.  0, 

890  Gudeman,  Bdward Care  of  Glucose  Sugar  Ref.  Co.,  Taylor 

St.  and  the  River,  Chicago,  111. 

898  Guess,  Harry  A Care  of  Ottawa  Gold  Milling  and  Minin;^ 

Co.,  Ltd.,  Keewatin,  Ontario. 

895  Guild,  Frank  N Univ.  of  Arizona,  Tucson,  Ariz. 

897  Gustin,  G.  H 216  Murray  St.,  Elizabeth,  N.  J. 

876  HABIRSHAWt  W.  M  ....Care of  Glenwood  Works,  Yonkers. N. Y. 

891  Haigh,  D.  L n  Broadway,  N.  Y.  City. 

899  Haigh,  Frederic 677  E.  24th  St.,  Paterson,  N.  J. 

894  Haines,  Reuben Haines    and   Chew    Sts.,    Germantovii. 

Philadelphia,  Pa. 

892  Haines,  Walter  S Rush  Med.  College,  Chicago,  III. 

880  Hale,  Albert  C 55'  Putnam  Ave.,  Brooklyn,  X.  Y. 

898  Hale,  Frank  M 137  Glenwood  Ave.,  Jersey  Cit>',  N.  J, 

895  Hall,  C.  A 3220  Powelton  Ave.,  Philadelphia,  ft. 

896  Hall,  Clarence Care  of  Aetna  Powder  Co.,  Aetna.  Ind. 

900  Hall,  Everett  J Passaic,  N.  J. 

892  Hall,  J.  G Natrona,  Pa. 

894  Hall,  L.  B Haverford  College,  Haverford,  Pa. 

888  Hall,  R.  W Havemeyer    Lab.,    Universit}'   Heights, 

N.  Y.  City. 

898  Hall,  Wm.  T Mass.  Inst.  Tech.,  Boston,  Mass. 

881  Hallock,  A.  P 440  First  Ave.,  New  York  City. 

900  Hamilton.  Louis  P 222  E.  Beaux  St.,  Washington,  Pa. 

900  Hamlin,  Addison 25  5th  St.,  Bangor,' Me. 

894  Hancock,  David Box  12,  Birmingham,  Ala. 

900  Hancock,  W.  J Erasmus  Hall  High  School,  Brooklvu. 

N.  Y. 

899  Hand,  W.  F Agricultural  College,  Miss. 

893  Handy,  James  0 325  Water  St.,  Pittsburg,  Pa. 

896  Hanks,  Abbot  A 531  California  St.,  San  Francisco,  Cal. 

898  Hanna,  D.  C 4262  Parkside  Ave. ,  Philadelphia.  Pa. 

896  Hanna,  Geoige  B Box  26,  Charlotte,  N.  C. 

899  Hanson,  Charles  A Care  of  Fleischmann  and  Co..  Rivienade. 

Cincinnati,  O. 

898  Hapgood,  Charles  W Abattoir,  Brighton,  Mass. 

899  Hardenburgh,  Louis  M Iron  Mountain,  Mich. 

876  Hardin,  M.  B Clemson  College,  S.  C. 
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897  Hardin,  W.  L John  Harrison  Lab.,  Univ.  of  Pa.,  Phila- 
delphia, Pa. 

897  Harding,  E.  P 22    Landhaus  Strasse,  Heidelberg,  Ger- 

many. 
894  Hare,  C.  L Box  145,  Auburn,  Ala. 

898  Hargrove,  Julian  O 3310  N  St.,  N.  W.,  Washington,  D.  C, 

897  Harms,  Armin Care  of  Compania  Metallurgica  Mexicana, 

San  Luis  Potosi,  Mexico. 
897  Harold,  Joseph  F.  X 636  Spruce  St.,  Philadelphia,  Pa. 

897  Harper,  C.  A 2139  Gilbert  Ave.,  Cincinnati,  O. 

898  Harper,  H.  W Univ.  of  Texas,  Austin,  Texas. 

894  Harrington,  B.  J 295  University  St.,  Montreal,  Canada. 

897  Harrington,  £.  M Aetna,  Lake  Co.,  Ind. 

898  Harris,  CD Agr.  Expt.  Sta.,  Raleigh,  N.  C. 

890  Harris,  E.  P The  Lakewood  School,  Lakewood,  N.  J. 

899  Harris,  Isham  G II.  R.  State  Hospital,  Poughkeepsie,  N.  Y. 

895  Harris,  J.  R Care  of  Tenn.  C.  I.  &  R.  Co.,  1918-1920 

Morris  Ave.,  Birmingham,  Ala. 

895  Harrison,  J.  B Gov.  Lab.,  Georgetown,  Demerara,  Brit- 

ish Guiana.  • 

900  Harrold,  E.  E Ohio  State  Univ.,  Columbus,  O. 

896  Harsh,  S.  A Gould,  Lewis  and  Clarke  Co.,  Mont. 

890  Hart,  Edward Lafayette  College,  Easton,  Pa. 

898  Hart,  Edwin  B Agr.  Expt.  Station,  Geneva,  N.  Y. 

900  Hartford,  James 100  William  St.,  N.  Y.  City. 

900  Hartman,  Wm.  E Kalamazoo  Gas  Works,  Spring  and  Pitcher 

Sts.,  Kalamazoo,  Mich. 

896  Hartwell,  Burt  L Kingston,  R.  I. 

899  Hartzell,  Harry  S 22  N,  8th  St.,  Allentown,  Pa. 

899  Haskins,  Henri  D • '  Expt.  Station,  Amherst,  Mass. 

900  Hatchett,  Roger  H Care  C.  K.  C.  S.  and  R.  Co.,  Argentine, 

Kas. 

892  Havemeyer,  H.  0 117  Wall  St.,  N.  Y.  City. 

900  Havens,  Franke  S 9-13  Mercer  St.,  N.  Y.  City. 

898  Hawkins,  H Oakland,  Bergen  Co.,  N.  J. 

895  Hayes-Campbell,  J 514  B.  6th  St.,  Newport,  Ky. 

897  Haynes.  D.  O Box  1483,  N.  Y.  City. 

893  Hays,  Joseph  A i47  S.  i8th  St.,  Pittsburg,  Pa. 

897  Haywood,  John  K Dept.  of  Agr.,  Div.  of  Chem.,  Washing- 
ton, D.  C. 

899  Haywood,  W.  G Expt.  Station,  Raleigh,  N.  C. 

899  Hazard,  F.  R Solvay  Process  Co.,  Syracuse,  N.  Y. 

894  Hazen,  Allen 220  Broadway,  N.  Y.  City. 

894  Heath,  George  L Cal.  &  Hecla  Smelting  Works,  S.  Lake 

Linden,  Mich. 
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893  Hebden,  John  C 40  S.  Water  St. ,  Pro\4dence,  R.  I, 

893  Heerlein,  Robert Natrona,  Pa. 

900  Heidenhain,  H Royal  Bakin^s^  Powder  Co.,  Kent  Ave  and 

Morton  St.,  Brooklyn,  N.  Y. 

897  Heileman,  W.  H    Pullman,  Wash. 

898  Henderson,  Wm.  E Ohio  State  Univ. ,  Columbus,  O. 

900  Herger,  Chas.  G 11  Putnam  St.,  Buffalo,  N.  Y. 

897  Hero,  Ann Pratt  Institute,  Brooklyn,  N.  Y. 

876  Herreshoff,  J.  B.  F 19  Pierrepont  St..  Brooklyn,  N.  Y. 

898  Herrick,  Rufus  F Box  1768,  Boston,  Mass. 

894  Herrick,  Wm.  Hale 22-24  Morris  St.,  Jersey  City,  N.  J. 

894  Hershey ,  Aldus  N Care  of  Sharp  &  Dohme,  Baltimore,  Mi 

894  Herty ,  Charles  H Athens,  Ga. 

900  Hess,  Henry  W Chemist,  Toledo  Gas  Light  and  Coke  Co. 

(Works),  Toledo,  O. 

899  Hess,  Wm.  H State  Food  Dept. ,  Lansing,  Mich. 

899  Hesse,  Bernhard  C 128  Duane  St.,  N.  Y.  City. 

893  Hewitt,  Edward  R Garden  City,  N.  Y. 

897  Hewson,  James  H 872  Broad  St, ,  Newark,  N.  J. 

894  Hibbard,  P.  L 525  Clayton  St.,  Waukegan,  111. 

896  Hicks,  Edwin  F 203  W.  8ist  St.,  N.  Y.  City. 

897  Higbee,  H.  H Hamilton  College,  Clinton,  N.  Y. 

900  Hill,  Edwin  A Classification  Division,  U.  S.  Pateot Office, 

Washington,  D.  C. 

899  Hill,  Henry  B Harvard  Univ.,  Cambridge,  Mass. 

898  Hill,  Herbert  H Box  222,  Andover,  Mass. 

891  Hill,  Herbert  M Univ.  of  Buffalo,   24  High  St..  Buffalo. 

N.  Y. 

898  Hill,  Wm.  G.,  Jr 84  Converse  Ave.,  Maiden.  Mass. 

893  Hillebrand,  W.  F Geol.  Surwy,  Washington.  D.  C. 

893  Hills,  Wm.  B 688Boylston  St.,  Boston,  Mass. 

900  Hillyer,  Homer  W i8r i  Adams  Ave.,  Madison.  Wis. 

897  Hillyer,  Wm.  E Asst.  Chem.,   B.  &  O.  R- R.,  Mt.  CUre, 

Baltimore,  Md. 

899  Hiltner,  M.  E 1301  N  St.,  Lincoln,  Neb. 

895  Hiltner,  R.  S Univ.  of  Neb.,  Lincoln,  Neb. 

899  Hinckley,  J.  Fred Care  of  B.  T.  Babbitt  and  Co.,  X.  V.  City. 

877  Hindley,  R.  C 1328  Cariisle  Ave.,  Racine,  Wis. 

895  Hinds,  J.  L  D Lebanon,  Tenn. 

894  Hitchcock,  Fanny  R.  M 4038  Walnut  St.,  Philadelphia.  Pa. 

895  Hobbs,  Perry  L Western  Reserve  Med.  College,  Cleveland, 

O. 
893  Hochstetter,  Robert  W Oak  St.  and  Bellevue  A\-e.,  Mt.  Aubuni, 

Cincinnati,  O. 
893  Hodges,  G.  C High  School,  Utica,  N.  Y. 
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1893  Hodges,  H.  B Office  of  Purchasing  Agt.,  L.  I.  R.  R., 

Long  Island  City,  N.  Y. 

899  Hodgson,  Eugene  H 848  President  St.,  Brooklyn,  N.  Y. 

898  Hoff,  Karl 608  E.  4th  St.,  Anaconda,  Mont. 

894  Hoffmann,  Philip  C Fairiifild  Station  21 7,  Baltimore,  Md. 

900  Hofmann,  Ottokar Argentine,  Kas. 

899  Holden,  E.  F 32  Lake  Ave..  Melrose,  Mass. 

894  Hollinshead,  W.  H Vanderbilt  Univ.,  Nashville,  Tenn. 

898  HoUis,  Frederick  S 90  Erie  Ave.,  Newton  Highlands,  Mass. 

898  Holman,  George  M 52  Pleasant  St. .  Fitchburg,  Mass. 

894  Holter,  George  L Stillwater,  Oklahoma. 

893  Holton,  Fred.  A Brookland,  D.  C. 

895  Homburg,  Fred 104  W.  Clifton  Ave.,  Cincinnati,  O. 

876  Homer,  C.  S.,  Jr 57  Broadway,  N.  Y.  City. 

900  Hooker,  Samuel  C Spreckels  Sugar  Ref.,   Philadelphia,  Pa. 

900  Hopkins,  Arthur  J Amherst  College,  Amherst,  Mass. 

896  Hopkins,  Cyril  G 907  S.  Wright  St. ,  Champaign,  111. 

897  Hopkins,  Erastus 1 77  State  St. ,  Boston,  Mass. 

895  Hopkins,  N.  Monroe 1833  Jefferson  PI.,  Washington,  D.  C. 

894  Home,  Wm.  D Yonkers,  N.  Y. 

898  Horsford,  Roger  F Care  Amer.  Bell  Telephone  Co..  125  Milk 

St.,  Boston,  Mass. 

899  Horton,  E.  G State  Board  of  Health,  Columbus.  O. 

893  Hoskins,  Wm Room  55,  81  S.  Clark  St. ,  Chicago,  111. 

899  Hough,  George  J Cerralvo,  Nuevo  Leon,  Mexico. 

895  Howard,  Charles  D Morgan  town,  W.  Va. 

887  Howard,  Curtis  C 97  Jefferson  Ave.,  Columbus,  O. 

898  Howard,  Henry 1 75  Mountfort  St.,  Brookline,  Mass. 

897  Howe,  Elmer  P Exchange  Building,  53  State  St.,  Boston, 

Mass. 
893  Howe,  Jas.  Lewis Washington  &  Lee  Univ.,  Lexington,  Va. 

899  Howell,  E.  V Chapel  Hill,  N.  C. 

898  Hughes,  Raymond  M Miami  Univ.,  Oxford,  O. 

900  Hulett,  George  A 706  S.  Thayer  St.,  Ann  Arbor,  Mich. 

900  Hummel,  John  A State  Capitol,  St.  Paul,  Minn. 

899  Humphrey,  Richard  L 413  Girard  Building,  Philadelphia,  Pa. 

89s  Hunicke,  H,  A 3532  Victor  St.,  St.  Louis,  Mo. 

897  Hunter,  J.  Rufus Richmond  College,  Richmond,  Va. 

897  Huntington,  Harwood Wool  Exchange,  260  W.  Broadway,  N.  Y^ 

City. 

896  Hunziker,  Aug Care  of  Weidman  Silk  Dyeing  Co.,  Pat- 

erson,  N.  J. 

897  Hurlburt,  E.  B Care  of  The  J.  B.  Williams  Co. ,  Glaston- 

bury, Conn. 
893  Hurley,  John Little  Falls,  N.  Y. 
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1893  Hurty,  J.  N 302   N.    Pennsylvania  St.,   Indianapolis, 

Ind. 

893  Huston,  H.  A Lafayette,  Ind. 

894  Hyde,  F.  S 215  Schermerhorn  St.,  Brooklyn,  N.  Y. 

897  Hyde,  Henry  St.  J vo  E.  i8th  St.,  N.  Y.  City. 

895  IRISH,  Cyrus  W 91  Fort  Hill  Ave.,  Lowell,  Mass. 

900  Irwin,  Edward  P 161 2  Madison  Ave.,  Kansas  City,  Mo. 

898  Isaacs,  A.  S 1214  Sheffield  St.,  Allegheny,  Pa, 

898  JACKSON,  C.  L Harvard  Univ.,  Cambridge,  Mass. 

898  Jackson,  Daniel  D 96  Prospect  Place,  Brooklyn,  N.  Y. 

900  Jackson,  Florence Wellesley  College,  Wellesley,  Mass. 

898  Jacobs,  Charles  B Ampere,  N.  J. 

898  James,  George  A Selby  P.  O.,  Contra  Costa  Co.,  Cal. 

893  James,  George  VV Care  of  Richards  &  Co.,  Chicago,  111. 

898  James.  Joseph  H Sault  Ste.  Marie,  Ontario. 

894  James,  Lawrence  S 32  Hawley  St.,  Boston,  Mass. 

895  Jameson,  A.  H Care  of  Logan  Mfg.  Co.,  Phoenixville,  Pa. 

9CX)  Jandrier,  Edmond Peace  Dale,  R.  I. 

891  Jarman,  J.  L Emory,  Va. 

894  Jayne,  H.  W 931  N.  Broad  St.,  Philadelphia,  Pa. 

898  Jenkins,  Charles  D 32  Hawley  St.,  Boston,  Mass. 

899  Jenkins,  Ellery  D Lowell  Fertilizer  Co.,  Lowell,  Mass. 

897  Jenks,  Stillman  G Kalamazoo  College,  Kalamazoo,  Mich. 

898  Jennings,  Walter  L  .....*...  .Poly.  Inst.,  Worcester,  Mass. 

900  Jessup,  Alfred  E Office  of  Supervising  Architect,     Treas. 

Dept.,  Washington,  D.  C. 

898  Jessurun,  David Alma  Sugar  Co.,  Alma,  Mich. 

894  Jewett,  Frank  F Oberlin  College,  Oberlin,  O. 

894  Job,  Robert Care  of  Philadelphia  &.  Reading  R.  R. 

Co.,  Reading,  Pa. 

894  Johns,  John 306  Toone  St.,  Baltimore,  Md. 

895  Johnson,  Edward  S 315  Highland  Ave.,  Syracuse,  N.  Y. 

895  Johnson,  Emil  F 96-98  Maiden  Lane,  N.  Y.  City. 

900  Johnson,  Floumoy  C 714  Union  St.,  New  Orleans,  La. 

898  Johnson,  George  A 220  Broadway,  N.  Y.  City. 

895  Johnson,  Jesse  F Care  of  Hamilton  Powder  Co.,  Montreal, 

Canada. 

892  Johnson,  Otis  C 730  Thayer  St.,  Ann  Arbor,  Mich. 

876  Johnson,  S.  W Drawer  lor.  New  Haven,  Conn. 

900  Johnson,  Treat  B Care  of  Phillips,  Westville,  Conn. 

897  Jones,  A.  B Lock  Box  741,  Pittsburg,  Pa. 

897  Jones,  Arthur  O 2315  Highland  Ave.,  Walnut  Hills,  Cin- 
cinnati, O. 

893  Jones,  Clemens  C 908  W.  Franklin  St.,  Richmond,  Va. 

899  Jones,  Fred.  W Barwick,  near  Ware,  Herts,  England. 
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1892  Jones,  Jesse Care  ofWm.  Cramp  &  Sons,  Philadel- 
phia, Pa. 

895  Jones,  L.  J.  W Amer.  Sm.  and  Ref.  Co.,  Omaha,  Neb. 

890  Jones,  R.  W University,  Lafayette  Co.,  Miss. 

896  Jones,  W.  J.,  Jr Asst.  State  Chemist,  Lafayette,  Ind. 

898  Jones,  Wm.  App I45  W.  82d  St..  N.  Y.  City. 

897  Joslin,  Carrie  S 930  Curtis  St,  Walnut  Hills,  Cincinnati,  O. 

898  Joiiet,  C.  H Roselle,  Union  Co.,  N.  J. 

893  Julian,  Frank Great  Northern  Shops,  St.  Paul,  Minn. 

898  KAHLBNBBRG,  Louis.... 306  Lake  St.,  Madison,  Wis. 

898  Kastle,  Joseph  H  * .  ^ State  College  of  Kentucky,  Lexington, 

Ky. 

899  Kaufmann,  Wm.  P Gov.  Lab.,  Georgetown,  Demerara,  Brit- 

ish Guiana. 

891  Keator,  Charles  £ Cor.  Nostrand  and  Park  Aves.,  Brooklyn, 

N.Y. 

894  Kebler,  Lyman  F 35  Poplar  St.,  Philadelphia,  Pa. 

894  Kedzie,  Frank  S 414  Ottawa  St.,  Lansing.  Mich. 

894  Kedzie,  R.  C Agr.  College,  Ingham  Co.,  Mich. 

895  Keiser,  E.  H ► Washington  Univ.,  St.  Louis,  Mo. 

895  Keller,  Charles 1 13  Biddle  Ave.,  Station  D,  Pittsburg,  Pa. 

899  Keller,  Cornelius Apartado  A,  Aguascalientes,  Mexico. 

894  Keller,  Edward Box  1724,  Baltimore,  Md. 

894  Keller,  Harry  F 512  N.  34th  St.,  Philadelphia,  Pa. 

894  Kelley,  J.  H 315  N.  Vine  St.,  Nashville,  Tenn. 

899  Kelly,  Daniel  J Room  39,    Patent    Office,    Washington, 

D.  C. 

899  Kelly,  F.  G Care  of  Tenn.  C.  I.  and  R.  Co.,  Birming- 
ham, Ala. 

894  Kenan,  W.  R.,  Jr Care  of  Traders*  Paper    Co.,    Lockport, 

N.  Y. 

888  Kendall,  E.  Dwight 1109  Park  PI.,  Brooklyn,  N.  Y. 

899  Kendall,  Robert  E 96  Warren  St.,  Glens  Falls,  N.  Y. 

894  Kenney,  C.  Belle Quincy    Mansion     School,    Wollaston, 

Mass. 

885  Kent,  Walter  H 300  Washington  St.,  Brooklyn,  N.  Y. 

898  Kessler,  J.  J.,  Jr « Testing  Lab.,  General  Electric  Co.,  Sche- 
nectady, N.  Y. 

894  Kilgore,  B.  W Raleigh,  N.  C. 

887  King,  F.  T 91  Columbia  Heights,  Brooklyn,  N.  Y. 

892  Kingsford,  Thomas  P Oswego  Starch  Factory,  Oswego,  N.  Y. 

891  Kinnicutt,  L.  P 77  Elm  St.,  Worcester,  Mass. 

894  Kirchgasser,  W.  C 74  and  76  Laight  St.,  N.  Y.  City. 

891  Kirchmaier,  G.  A Adams  and  Huron  Sts.,  Toledo,  O. 

893  Kirk,  David  M 910  Duquesne  Way,  Pittsburg,  Pa. 
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I900  Kittredge,  Harvey  G Care  of  The  Kay  and  Ess  Co.,  Dayton,  0. 

1899  Klein.  Otto  H 280  Broadway,  N.  Y.  City. 

1900  Knapp,  R.  E *.487  E.  Congress  St.,  Detroit,  Mich. 

1899  Kneeland,  Frederick  R 56  W.  33rd  St.,  N.  Y.  City. 

1898  Knerr,  E.  6 Atchison,  Kan. 

1900  Kniffen,  F Indian  Head,  Md. 

1894  Knorr,  Aug.  E 145  High  St.,  Perth  Amboy,  N.  J. 

1897  Knox,  James  W.  T 242  Bellevue  Ave.,  Detroit,  Mich. 

1898  Koch,  F.  C 312  W.  Clark  St.,  Champaign,  III. 

1900  Koelle,  Carl C.  K.  C.  S.  and   R.  Co.,  Argentine,  Kas. 

1900  Kohr,  D.  A Ohio  State  Univ.,  Columbus,  O. 

1897  Krause,  A.  H 32  Wellington  Ave.,  Cleveland,  0. 

1883  Krause,  G Chemiker  2^itung,  Cothen,  Gennany. 

1876  Krause,  O.  H Prospect  Ave.,  Hackeusack,  X.  J. 

1900  Krebs,  H.  J Wilmington,  Del. 

1898  Kremers,  Edward Univ.  of  Wisconsin,  Madison,  Wis. 

1894  Krug,  W.  H Dept.  of  Agr.,  W'ashington,  D.  C. 

1896  Kruskal.  Nicholas 2196  8th  Ave.,  N.  Y.  City. 

1897  Kuntz,  Louis  A Natrona,  Pa. 

1897  Kunze,  Wm.  F Hastings,  Minn. 

1897  LABACH,  James  O Pleasant  Ridge.  Hamilton  Co.,  O. 

1897  Labonde,  Leon 3601  S.  Flower  St.,  Los  Angeles,  CaL 

1891  Ladd,  E.  F Agr.  College,  Fargo,  N.  D. 

1895  Lagai,  G 17  Park  Place,  N.  Y.  City. 

1899  Lamar,  Wm.  R Care  of  Schieifelin  &  Co.,  S.  Boulevard, 

St.     Ann's    Ave.    and     I32d    St, 
N.  Y.  City. 

1900  Lambom,  Leebert  L 4  W.  i8th  St.,  N.  Y.  City. 

1900  Landis,  Edward  K 4025  Spruce  St.,  Philadelphia,  Pa. 

1894  Langenbeck,  Karl 27  Orchard  St.,  Zanesville,  O. 

1897  Langmuir,  A.  C Care  of  Ricketts  &  Banks,  104  John  St, 

N.  Y.  City. 

1898  Langworthy,  Chas.  F Dept.  of  Agr.,  Washington,  D.  C. 

1898  Lanzendoerfer,  George 280  Dover  St.,  Boston,  Mass. 

1897  Larchar,  Arthur  B Care  of  Penobscot  Chem.  Fibre  Co.,  Great 

Works,  Me. 

1890  Lattimore,  S.  A 271  University  Ave.,  Rochester,  N.  Y. 

1894  Laudig,  O.  O Care  of  111.  Steel  Co.,  South  Chicago.  111. 

1896  La  Wall,  Charles  H 35  Poplar  Street,  Philadelphia,  Pa. 

1876  Lawler,  C.  J 9  Morton  St.,  Brooklyn,  N.  Y. 

1898  Lazell.  Ellis  W N.  H.  College,  Durham,  N.  H. 

1898  Leach,  Albert  E Room  501,  State  House,  Boston,  Mass. 

1896  Leach,  Mary  F 74  Pitcher  St.,  Detroit,  Mich. 

1898  LeBosquet,  Maurice 328  E.  Eagle  St.,  East  Boston,  Mass. 

1896  LeBoutillier,  Clement High  Bridge,  N.  J. 
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898  LeCl^ar,  Thom  as 262  5th  Ave. ,  N.  Y.  City. 

898  IveClerc,  J.  Arthur Agr.  Expt.  Station,  Geneva,  N.  Y. 

896  Lederle,  Ernst  J 471  W.*i43dSt.,  N.  Y.  City. 

895  Ledoux,  A.  R 98  John  St.,  N.  Y.  City. 

898  Lee,  John  C Brookline,  Mass. 

899  Lee,  Waldemar Passaic,  N.  J. 

878  Leeds,  A.  R Stevens  Institute,  Hoboken,  N.  J. 

893  Leffmann,  Henry 715  Walnut  St.,  Philadelphia,  Pa. 

885  Lehmann;  G.  W 412  E.  Lombard  St.,  Baltimore,  Md. 

899  Lengfeld,  Felix Univ.  of  Chicago,  Chicago,  111. 

895  Lenher,  Victor Univ.  of  Wis.,  Madison,  Wis. 

897  Lenox,  L.  R Stanford  Univ.,  Cal. 

896  Lerch,  Fred Hibbing,  Minn. 

899  Levene,  Phoebus  A 87  Lenox  Ave.,  N.  Y.  City. 

899  Levine,  Edmund  J 337  W.  88th  St.,  N.  Y.  City. 

899  Levison,  Wallace  G 1435  Pacific  St.,  Brooklyn,  N.  Y. 

900  Lichtenstein,  Alfred  F 6  Elm  wood  Ave.,  North  Adams,  Mass. 

900  Lihme,    C.  B Care  of  111.  Zinc  Co.,  Peru,  lU. 

896  Lihme,  LP The  Grasselli  Chem.  Co.,  Cleveland,  O. 

892  Lindsay,  Wm.  B Carlisle,  Pa. 

895  Lindsey,  J.  B Lock  Box  217,  Amherst,  Mass. 

895  Linebarger,  C.  E 1210  Perry  St.,  Chicago,  111. 

894  Linn,  Alvin  F Wittenberg  College,  Springfield,  O. 

899  Linton,  J.  H Careof  Tenn.  C.  I.  and  R.  Co.,  Birming- 
ham, Ala. 

898  Lipman,  Jacob  G Woodbine,  N.  J. 

896  Lippincott,  Warren  B Amer.  S.  and  R.  Co.,  Argentine,  Kas. 

893  Little,  A.  D 7  Exchange  PI.,  Boston,  Mass. 

893  Littlewood,  J.  B U.  S.  Patent  Office,  Washington,  D.  C. 

898  Livermore,  Wm.  D Washington  Mills  Co.,  Lawrence,  Mass. 

899  Lloyd,  George 52  Dearborn  St.,  Chicago,  111. 

893  Lloyd,  J.  U Court  and  Plum  Sts.,  Cincinnati,  O. 

899  Lockw^ood,  Rhodes G Care  of  Davidson  Rubber  Co.,  19  Milk 

St.,  Boston,  Mass. 
889  Loeb,  Morris 118  W.  72nd  St.,  N.  Y.  City. 

900  Loew,  Oscar Dept.  of  Agr.,  Washington,  D.  C. 

900  Logan,  Lily Howardsville,  Va. 

893  Long.  J.  H 2421  Dearborn  St.,  Chicago,  111. 

899  Longstaff,  J.  P Chem.  Dept.,  Univ.  of  Etiinburgh,  Edin- 
burgh, Scotland. 

892  Loomis,  Horatio 58  W.  40th  St.,  N.  Y.  City. 

899  Loos,  Edward  A 933  N.  Front  St.,  Philadelphia. 

898  Loos,  Hermann  A 1 19  E.  1 15th  St.,  N.  Y.  City. 

896  Lord,  N.  W Ohio  State  Univ.,  Columbus,  O. 

898  Lorenz,  Henry  W.  F Univ.  of  Pa.,  Philadelphia,  Pa. 
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895  Love,  E.  G 80  E.  55th  St.,  N.  Y.  City. 

895  Lovcjoy,  Ellis Union  Furnace,  O. 

898  Loveland,  James  W 184  Broadway,  Cambridgeport,  Mass, 

894  Low,  Albert  H P.  O.  Drawer  1537,  Denver,  Colo. 

896  Ludlow,  Gabriel Box  344,  Wilmington,  N.  C. 

994  Lundteigen,  Andreas Union  City,  Mich. 

897  Luster,  Herbert  A 28  Prospect  St. ,  Elizabeth,  N.  J. 

894  Lustig,  A.  L Lexington  Print  Wks.,  Canton,  Mass. 

898  Lyman,  Edmund  R Chinese  Technological  Institute,  Shaoj^- 

haj,  China. 

899  Lyng,  M.  H Republic,  Wash. 

893  Lyon,  T.  L State  Univ.,  Lincoln,  Nebr. 

900  Lyons,  PhiMp  D Care  of  Md.  Steel   Co.,  Sparrows  Pdnt, 

Md. 

898  Lyons,  Robert  E Indiana  University,  Bloomington,  Ind. 

898  Lythgoe,  Hermann  C Room  501,  State  House,  Boston.  Mass. 

895  TVi AAS,  Philip 1228  W.  College  Ave.,  Philadelphia.  Pa. 

893  Mabery,  C.  F Case  School.  Cleveland,  O. 

895  Macadam,  Wm.  I\nson Surgeon's  Hall,  Edinburgh.  Scotland. 

895  Macdowell,  Wm.  F Med.  Dept.,  U.    S.    Imm.   Ser\\,  Bai^ 

Office,  N.  Y.  City. 
898  Macfarlane,  Thomas Inland  Rev.  Dept.,  Ottawa,  Canada. 

893  Mackay,  P.  A Mineral   Point  Zinc  Co.,  Mineral  Point, 

Wis. 

894  Mackenzie,  John  K 1224  Rookery,  Chicago,  111. 

897  MacPherran,  R.  S Care  of  E.  P.  Allis  Co.,  Milwaukee.  Wis. 

894  Macy,  Sherman  R 3722  Third  St.,  Des  Moines.  Iowa. 

896  Magruder,  E.  W Dept.  of  Ag^.,  Richmond,  Va. 

898  Maharg,  W.  S 411  City  Hall,  Chicago,  111. 

898  Mahon,  Robert  W 1778  2nd  Ave.,  Pittsburg,  Pa. 

876  Mallet,  J.  W Univ.  of  Virginia,  Charlottesville,  Vau 

895  Mallory,  J.  Halsey Ga.  Cotton  Oil  Co.,  409  Fitten  Building, 

Atlanta,  Ga. 

898  Mangan,  Daniel  C 95  Park  Ave.,  Brooklyn,  N.  Y. 

898  Manns,  Albert  G Care  of  Armour  &  Co.,  Laborator}-,  Chi- 
cago, 111. 

894  Mar,  Fred.  W Richmond  Hill,  Long  Island,  N.  Y. 

896  Marlatt,  Abby  L Man.  Tr.  High  School,  Providence,  R.  I. 

897  Marschall,  A.J Little  Falls,  N.  Y. 

897  Marshall,  John Univ.  of  Pa.,  Philadelphia,  Pa. 

896  Martin,  Alexander  M Douglas    Villa,    Dunbeth    Road,   Coal- 

bridge.  Scotland. 

898  Martin,  Henry South  Gardiner,  Me. 

897  Martin,  Henry  G Care  of   Lukens  I.   and  S.  Co.,  Coates. 

ville,  Pa. 
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898  Martin,  Merrill  A  •  •  • U.  S.  Mint,  San  Francisco,  Cal. 

893  Martin,  O.  W Hughes  High  School,  Cincinnati,  O. 

896  Martin,  Wm.  J.,  Jr Davidson,  N.  C. 

899  Mason,  Francis  P 214  Monadnock  Bldg.,  Chicago,  111. 

885  MA50N,  WM.  P Rensselaer  Poly.  Inst.,  Troy,  N.  Y. 

900  Mather,  Henry  A Care  of  Verde  Queen  Copper  Co.,  Jerome, 

Ariz. 

892  Matheson,  W.  J 182-184  Front  St.,  N.  Y.  City. 

896  Mathews,  John  A 4  First  PI.,  Brookl3m,  N.  Y. 

898  Mathewson,  E.  P* •  •« Bstablacimiente  del  Playa  Blanca,  Anto- 

fogasta.  Chili,  S.  A. 

898  Matthews,  J.  Merritt 634  Spruce  St.,  Philadelphia,  Pa. 

894  Maury,  George  P Mount  Iron,  St.  Louis  Co.,  Minn. 

893  Maxwell,  Walter Sugar    Expt.    Sta.,    Honolulu,    Hawaii, 

U.  S.  A. 

896  May,  George  H Care  of  Amer.  Pegamoid  Co.,  Hohokus, 

Beigen  Co.,  N.  J. 

896  Maywald,  F.  J 72d  St.  and  loth  Ave.,  Bay  Ridge  Park, 

Brooklyn,  N.  Y. 

895  McBryde,  J.  Bolton Univ.  of  Tenn.,  Knoxville,  Tenn. 

894  McCandless,  John  M State  Chemist,  Atlanta,  Ga. 

899  McCay,  Leroy  W Chem.  Lab.,  Princeton,  N.  J. 

900  McClement,  Wm.  T Armour  Institute,  Chicago,  111. 

894  McCurdy,  Charles  W North  Yakima,  Wash. 

893  McDonnell,  H.  B Md.  Agr.  College,  College  Park,  Md. 

894  McDonnell,  M.  E Box  236,  Altoona,  Pa. 

899  McDowell,  Alex.  H 457  W.  21st  St.,  N.  Y.  City. 

900  McFarland,  B.  W 278  Canner  St.,  New  Haven,  Conn. 

897  McFarlen,  T.  J New  Glasgow,  Nova  Scotia,  Canada. 

896  McFetridge,  Joseph Natrona,  Pa. 

897  McGeorge,  Arthur Care  of  Chesebrough  Mfg.  Co.,  Delevan 

St.,  Brooklyn,  N.  Y. 
890  McGill,  J.  T Vanderbilt  Univ.,  Nashville,  Tenn. 

898  McGilton,  Wm.  W Middlebury  College,  Middlebury,  Vt. 

893  McGregory,  J.  F Colgate  Univ.,  Hamilton,  N.  Y. 

894  Mcllhiney,  Parker  C :I45  E.  23d  St.,  N.  Y.  City. 

900  Mcintosh,  Douglas 208  E.  6ist  St.,  N.  Y.  City. 

898  McKelvey,  J.  Wm 813  Montgomery  St.,  Jersey  City,  N.  J. 

883  McKenna,  Charles  F 22r  Pearl  St.,  N.  Y.  City. 

897  McKenzie,  R.  Monroe Box  664,  Chicago  Heights,  111. 

892  McLoughlin,  Charles 874  Broadway,  N.  Y.  City. 

890  McMurtrie,  Wm loi  W.  8ist  St.,  N.  Y.  City. 

894  McPherson,  Wm.,  Jr Ohio  State  Univ.,  Columbus,  O. 

898  McTaggart,  James  R Pittsburg  Testing  Lab.,  325  Water  St., 

Pittsburg,  Pa. 
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896  Meade,  Richard  K Lafayette  College,  Easton,  Pa. 

899  Meaker,  W.  Lathrop Longdate,  Alleghany  Co.,  Va. 

899  Means,  R.  F 6  Custom  House  St.,  Boston,  Mass. 

894  Mears,  Leverett Chem.  Lab.,  Williamstown,  Mass. 

894  Meeds,  Alonzo  D 103  Boston  Block,  Minneapolis,  Minn. 

894  Meeker,  G.  H Medico-Chinirgical  College,  Philadelphia, 

Pa. 

893  Mellen,  Edwin  D 1590    Massachusetts    Ave.,    Cambridge, 

Mass. 

892  Menke,  A.  E Fayetteville,  Ark. 

898  Merigold,  Benjamin  S*« 1691  Cambridge  St.,  Cambridge,  Mass. 

893  Merrell,  Charles  G Care  of  Wm.  S.  Merrell  Chem.  Co.,  Cin- 

cinnati, O. 

900  Merriam,  Henry  F Summit,  N.  J. 

892  Merrill,  N.  Fred Univ.  of  Vt.,  Burlington,  Vt. 

898  Metcalf,  W.  V Northfield,  Minn. 

892  Mew,  W.  M Lab.  Army  Med.  Museum,  Washington, 

D.C. 
900  Meyer,  Gustave  M 59  E.  77th  St.,  N.  Y.  City. 

899  Meyer,  Max I57  W.  103d  St.,  N.  Y.  City. 

894  Michaelis,  Gustavus 541  Western  Ave.,  Albany,  N.  Y. 

897  Michaelis,  Theodore Care  of  Western  Sugar  Ref.,  Potrero,  San 

Francisco,  Cal. 

895  Miles,  George  W.,  Jr 7  Exchange  PI.,  Boston,  Mass. 

898  Miller,  Alfred  S Univ.  of  Idaho,  Moscow,  Idaho. 

899  Miller,  Armand  R 808  Euclid  Ave.,  Kansas  City,  Mo. 

895  Miller,  Edmund  H Columbia  Univ.,  N.  Y.  City. 

899  Miller,  Frank  W Talladega,  Ala. 

897  Miller,  H.  K Lake  City,  Fla. 

897  Miller,  Harry  East 1015  Chestnut  St.,  Oakland,  Cal. 

895  Miller,  Hugh  L 24  Broad  St.,  Charleston,  S.  C. 

891  Miller,  J.  A 255  Ellicott  St.,  Buffalo,  N.  Y. 

897  Miller,  P.  Schuyler Mt.  Prospect  Lab.,  Flatbush  Ave.,  Brook- 

lyn. N.  Y. 

895  Miller,  Stephen  C 1235  New  York  Ave.,  N.  W.,  Washington, 

D.C. 

898  Miller,  W .  Lash 100  St.  Vincent  St. ,  Toronto,  Canada. 

900  Mills,  James  E Chapel  Hill,  N.  C. 

893  Mills,  Joseph  S Central  High  School,  Washington,  D.  C. 

897  Millwood,  James  P 1 77  Spencer  St.,  Brooklyn,  N.  Y. 

894  Miner,  Harland  S Care  of  Welsbach  Light  Co.,  Gloucester 

City,  N.  J. 

894  Mitchell,  Andrew  S 220  Greenbush  St.,  Milwaukee,  Wis. 

897  Mittenzwey,  Otto Care  of  Fitzgerald  Bros.,  Troy,  N.  Y. 

895  Mixer,  Chas.  T Joplin,  Mo. 
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1900  Mixter,  Wm.  G Sheffield  Scientific  School,  New  Haven, 

Conn. 

895  Moale,  Philip  R 100  Merrimon  Ave.,  Asheville,  N.  C. 

898  Moat,  C.  P 70  Middle  St.,  Portsmouth,  N.  H. 

900  Moechel,  Jean  R 710  Wyandotte  St. ,  Kansas  City,  Mo. 

898  Mommers,  Richard The  Glucose  Sug^r  Ref .  Co.,  Rockford 

Lab.,  Rockford,  111. 
898  Moody,  Herbert  R i59  W.  105th  St.,  N.  Y.  City. 

897  Mooers,  C.  A Bxpt.  Sta.,  Knoxville,  Tenn. 

898  Moore,  Byron  L 45th  St.  &  Centre  Ave.,  Chicago,  111. 

900  Moore,  P.  J Mass.  Inst.  Tech.,  Boston,  Mass. 

898  Moore,  George  D 21  Catharine  St.,  Worcester,  Mass. 

900  Moore,  Hugh  K West  Paris,  Me. 

899  Moore,  Russell  W Appraiser's  Stores,  Washington  and  Chris- 
topher Sts.,  N.  Y.  City. 

898  Moran,  George  A 333  Haverhill  St.,  Lawrence,  Mass. 

895  Morgan,  J.  Livingston  R  ••••47  Bayard  St.,  New  Brunswick,  N.  J. 
885  Morgan,  T.  M Longue  Pointe,  Hochilaga  County,  Can- 
ada. 

900  Mork,  Harry  S 21  Wabeno  St.,  Roxbury,  Mass. 

894  Morse,  Fred.  W Lock  Box  30,  Durham,  N.  H. 

899  Morton,  Cora Norwood,  Cincinnati,  O. 

876  Morton,  Henry Stevens  Institute,  Hoboken,  N.  J. 

899  Motion,  John Care  of  John  Ellis  &  Co.,   Edgewater, 

N.J. 
894  Moulton,  Charles  W .  — 19  Virginia  Ave.,  Poughkeepsie,  N.  Y. 

894  Moyer,  J.  Bird Univ.  of  Pa.,  Philadelphia,  Pa. 

899  Mudge,  Charles  W Agr.  Expt.  Sta.,  Geneva,  N.  Y. 

898  Mulliken,  Samuel  P Maiss.  Inst.  Tech.,  Boston,  Mass. 

892  Mumper,  W.N 823  W.  State  St.,  Trenton,  N.  J. 

890  Mufioz,  L.  E Ingenio"LasCanas,'' Alfonso  XII,  Cuba. 

876  MUNROe,  C.  E Columbian  Univ.,  Washington,  D.  C. 

881  Munsell,  C.  E no  Horatio  St.,  N.  Y.  City. 

900  Munson,  L.  S Dept.  of  Agr.,  Washington,  D.  C. 

895  Murray,  C.  B Braddock,  Pa. 

897  Murrill,  Paull Hickory,  N.  C. 

896  Myers,  H.  Ely Liucoln   Foundry  Co.,  60th  and  Butler 

Sts.,  Pittsburg,  Pa. 

893  Myers,  J.  A Anderson  Building,  1 2-16  John  St.,  N.  Y. 

City. 

894  Myers,  Wm.  S Rutgers    College,    15    Union    St.,    New 

Brunswick,  N.  J, 

900  IN  ATHAN,  Albert  F.,  Jr 603  Mumford  Court,  Kansas  City,  Mo. 

895  Neher,  F Princeton,  N.  J. 

898  Neidich,  Samuel  A 1041  Drexel  Building,  Philadelphia,  Pa. 
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1900  Neilson,  Thomas Mowry  Mine,  Crittenden,  Ariz. 

1899  Neiman,  Howards 8  £.  97th  St.,  N.  Y.  aty. 

1900  Neish,  Arthur  C 308  University  Ave.,   Kingston,  Ontario. 

1895  Nelson,  E.  K •  • . .  •  4526  Oakenwald  Ave. ,  Chicago,  111. 

1900  Nelson,  N 9057  Commercial  Ave.,  So.  Chicago,  HI. 

1896  Nenstadt,  George  M.  S 234  £.  27th  St.,  N.  Y.  City. 

1897  Newell,  Lyman  C State  Normal  School,  Lowell,  Mass. 

1892  Newman,  H.  B 2543  Moorman  Ave.,  Cincinnati,  O. 

1899  Newman,  Jacob  W Empire  Hotel,  N.  Y.  City. 

1900  Nevrton,  Elmer  S Western  High  School,  Washington,  D.  C 

1898  Nicholls,  Geoige  A Deadwood,  S.  D. 

1899  Nichols,  Herbert  T Care  of  Puertocitos  Copper  Co.,    Bisbee, 

Ariz. 

1876  Nichols,  W.  H 32  Liberty  St.,  N.  Y.  City. 

1895  Nicholson,  Edward  E Univ.  of  Minn.,  Minneapolis,  Minn. 

1891  Nicholson,  H.  H Univ.  of  Nebraska,  Lincoln,  Neb. 

1893  Nickel,  Herman  L Care  of  The  N.  K.  Pairbank  Co.,  St.  Louis, 

Mo. 

1876  Niese,  H.  E Matthiessen  &  Wiechers,    Jersey    City, 

N.J. 

1900  Nikaido,  Y 2375  O  St. ,  Lincoln,  Nebr. 

1897  Nishkian,  P.  F Care    of    Armour  Packing  Co.,    Kansas 

City,  Mo. 
1900  Norman,  Geo.  M Tenn.  C.  I.  and  R.  Co.,  Birmingham,  Ala. 

1898  Norris,  James  F Mass.  Inst.  Tech.,  Boston,  Mass. 

1900  Norris,  Robert  S Union  Sugar  Co.,  Santa  Maria,  Cal. 

1900  Norton,  Alice  P 47  Hancock  St.,  Aubumdale,  Mass. 

1891  Norton,  T.  H Univ.  of  Cincinnati,  Cincinnati.  O. 

1895  Noyes,  Arthur  A Mass.  Inst.  Tech.,  Boston,  Mass. 

1893  Noyes,  W.  A Rose  Poly.  Inst. ,  Terre  Haute,  Ind. 

1898  Nye.  Walter  B Cumberland  Mfg.  Co.,  Boston,  Mass. 

1897  OBERHOLTZER,  Vickers.1905  Tioga  St.,  PhiladelphU,  Pa. 

1894  Ogilvy,  David  J 1403  State  Ave.,  Cincinnati,  O. 

1899  Oglesby,  William  R 212  E.  Broad  St.,  Chester,  Pa. 

1898  Olney,  Louis  A Lowell  Textile  School,  Lowell,  Mass. 

1898  Olsson,  Gustaf 10  Hampshire  St.,  Everett,  Mass. 

1895  O'Neill,  Edmund '. .  Univ.  of  California,  Berkeley,  Cal. 

1898  O' Regan,  Daniel  F Worcester  Poly.  Inst.,  Worcester,  Mass. 

1877  Orth,  A 194  Fulton  St.,  N.  Y.  City. 

1893  Osborne,  Thomas  B  . .  • Box  485,  New  Haven,  Conn. 

1893  RALMER,  Arthur  W Univ.  of  111.,  Champaign,  HI. 

1897  Palmer,  Charles  S Univ.  of  Colorado,  Botdder,  Colo. 

1895  Palmer,  Chase 1406  Garvin  PI.,  Louisville,  Ky. 

1891  Parker,  C.  E 150  Alden  St.,  Orange,  N.  J. 

1900  Parker,  C.  LeRoy Patent  Office,  Washington,  D.  C. 
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1898  Parker,  Francis  L.,  Jr S.  C.  Mil.  Acad.,  Charleston,  S.  C. 

1898  Parker,  Horatio N 34  Wendell  St.,  Cambridge,  Mass. 

1876  Parker,  T.  J Care  of  General  Chem.   Co.,  32  Liberty 

St,  N.  Y.  City. 

1895  Parks,  Robert  M Water  Valley,  Miss. 

1897  Parmelee,  C.  W Care  N.  Y.  and  Boston  Dye  wood  Co., 

55  Beekman  St.,  N.  Y.  City. 

1897  Parmelee,  Howard  C 1733  High  St.,  Denver,  Colo. 

1894  Parr,  S.  W Urbana,  111. 

1894  Parsons,  C.  Chauncey  ....4.43  Sedgwick  St.,  Brooklyn,  N.  Y. 
1893  Parsons,  Charles  L N.  H.  College,  Durham,  N.  H. 

1898  Passoit,  H.  A Marquette  Cement  Co.,  Deer  Park  Glen, 

111. 

1898  Patch,  E.  L P.  O.  Box  639,  Stoneham,  Mass. 

1896  Patrick,  Geo.  E  •  •  • « Dept.  of  Agr.,  Washington,  D.  C. 

1893  Pattee,  Ernest  N Syracuse  Univ.,  Syracuse,  N.  Y. 

1894  Patterson,  Charles  W 2421  Dearborn  St.,  Chicago,  111.    .  * 

T893  Patterson,  H.J College  Park,  Md. 

1893  Payne,  George  F 43I  Whitehall  St.,  Atlanta,  Ga. 

1891  Pearce,  Edward  D Care  of  T.  P.  Shepard  &  Co. ,  Box  1 336, 

Providence,  R.  I. 
1876  Pearce,  Richard Denver,  Colo. 

1894  Pease,  F.  N Box  210,  Altoona,  Pa. 

1899  Peckham,  Stephen  F 51  Quincy  St.,  Brooklyn,.  N.  Y. 

1892  Peek,  Robert  Lee Care  of  Ledoux  &  Co.,  98  John    St., 

N.  Y.  City. 

1900  Peet,  B.  W Ypsilanti,  Mich. 

1896  Pegram,  W.  H Durham,  N.  C. 

1891  Pellew.C.  E Columbia  Univ.,   W.    Ii6th  St.,  N.  Y. 

City. 

1891  Pemberton,  Henry,  Jr 1008  Clinton  St.,  Philadelphia,  Pa. 

1900  Pemberton,  Ralph 1947  Locust  St.,  Philadelphia,  Pa. 

1898  Pendleton,  Hunter Lexington,  Va. 

1895  Penniman,  Russell  S Lock  Box  26,  Dover,  N.  J. 

1893  Penniman,  W.  B.  D  • Baltimore  Med.  College,  Baltimore,  Md. 

1894  Pennington,  Mary  E 3908  Walnut  St.,  Philadelphia,  Pa. 

1891  Pennock,  J.  D Solvay  Soda  Co. ,  Syracuse,  N.  Y. 

1898  Peppel,  Samuel  V Univ.  of  Wis.,  Madison,  Wis. 

1899  Perkins,  Albert  S 75  Milton  Ave.,  Hyde  Park,  Mass. 

1883  Perkins,  G.  E 72  Jackson  St.,  Providence,  R.  I. 

1890  Perkins,  T.  S 39  Garden  PI.,  Brooklyn,  N.  Y. 

1894  Perry,  Charles  M 238  Cottage  St.,  Pawtucket,  R.  I. 

1895  Perry,  Joseph  H 176  Highland  St.,  Worcester,  Mass. 

1896  Persons,  A.  A University,  Ala. 

1894  Peter,  Alfred  M 236  E.  Maxwell  St,  Lexington,  Ky. 
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1883  Peters.  Andrew Hulett*s  Landing,  Washington Co.,N.Y. 

1895  Peyton,  Wm.  C Peyton  Chcm.  Wks.,  Mutnsl  Life  Bld|^ 

San  Francisco,  Cal. 
1900  Phalen,  Wm.  C Socorro,  N.  M. 

1898  Phelan,  J.  W Mass.  Inst.  Tech.,  Boston,  Mass. 

1900  Phelps,  Isaac  K 130  Howe  St. ,  New  Haven,  Conn. 

1894  Phillips,  Francis  C P.  O.  Box  126,  Allegheny,  Ft. 

1897  Phillips,  Wm.  B 213  Ninth  St.,  Pittsburg.  Pa. 

1891  Phillips,  Wm.  D 128  Pearl  St.,  N.  Y,  City. 

1899  Phinney,  John  1 24  Langdon  St.,  Cambridge,  Mass. 

1897  Pickel,  J.  M W.  Raleigh,  N.  C. 

1896  Pickering,  Oscar  W 52   Clifton     Park,    Melrose  Highlands, 

Mass. 

1895  Pickert,  Leo  W Amer.  Sug.  Ref.  Co.,  Granite  St,  Bos- 

ton, Mass. 

1898  Pierce,  Edward  W 109  N.  Water  St.,  Philadelphia,  Pa. 

1898  Pierson.  Willett  C 7  St.  James  PI.,  Brooklyn,  N.  Y. 

1896  Pilhashy,  Benjamin  M 906-910  Sycamore  St.,  Cincinnati,  0. 

1897  Pinkerton,  David  J 17  Orbiston  St.,   Motherwell.  Scotland. 

1898  Piper,  Walter  £ Boston  Rubber  Shoe  Co.,  Pells,  Mass. 

1890  Pitkin,  Charles  A Thayer     Academy,     South    Braiotiee, 

Mass. 
1882  Pitkin,  Lucius 138  Pearl  St.,  N.  Y.  City. 

1894  Pitman,  John Augusta  Arsenal,  Augusta,  Ga. 

189^  Pitman,  J.  R Care  of  Laflin  and  Rand  Powder  Co., 

Pompton  Lakes,  N.  J. 

1893  Piatt,  Charles Hahnemann     Med.    College,   Philadel- 

phia, Pa. 

1900  Piatt,  Elbert  S Waterford,  N.  Y. 

1888  Pomeroy ,  Charles  T 55  Broad  St.,  Newark,  N.  J. 

1898  Pond,  F.  J State  College,  Pa. 

1892  Pond,  G.  G SUte  College,  Pa. 

1898  Poole,  Herman 357  Canal  St.,  N.  Y.  City. 

1898  Pope,  T.  E Mass.  Inst.  Tech.,  Boston,  Mass. 

1898  Porter.  Georgia Y.  W.  C.  A.,  i8th  and  Arch  SU.,  Phila- 
delphia, Pa. 

1898  Portner,  Edward  G 1 104  Vermont  Ave.,  Washington,  D.  C. 

1900  Post,  Frank  1 67  W.  Alden  St.^  Coldwater,  Mich., 

1895  Potter,  Charles  A 198  Waterman  St.,  Providence,  R.  I. 

1889  Potter,  W.  R 100  Broad  St.,  Providence.  R.  I. 

1894  Power,  Frederick  B The  Wellcome  Research  Lab.,  6  Zin^ 

St.,  Snow  Hill,  London,  E,  C, 

England. 

1898  Pratt,  Gilbert  H Room  502,  State  House,  Boston,  Mass. 

1898  Pratt,  Joseph  H Univ.  of  N.  C,  Chapel  Hill,  N.  C. 
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1894  Prentiss,  George  N Care  of  Northwestern   Iron  Co.,    May- 

ville,  Wis. 

876  Prescott,  A .  B Ann  Arbor,  Mich. 

898  Prescott,  Samuel  C Mass.  Inst.  Tech.,  Boston,  Mass. 

898  Price,  R.  B Boston  Woven  Hose  and  Rubber  Co., 

Cambrid^eport,  Mass. 

899  Priest,  George  W Watertown,  Mass. 

877  Prochazka,  G.  A 138  W.  13th  St.,  N.  Y.  City. 

897  Prochazka,  John 15  E.  12th  St.,  N.  Y.  City. 

895  Proctor,  Richard  W Care  of  the  Wm.  S.  Merrell  Chem.  Co., 

Cincinnati,  O. 
893  Provine,  J.  W Miss.  College,  Clinton,  Miss. 

893  Puckner,  W.  A 73  Wells  St.,  Chicago,  111. 

898  Pugh,  Achilles  H.,  }r Madison  Road,  Cincinnati,  O. 

899  Pullman,  F,  Cooper 238  S.  3rd  St..  Philadelphia,  Pa. 

898  QUINAN,  Kenneth  B Care  of  Cal.  Powder  Works,  Pinole,  Cal. 

891  Quinan,W.  R GnardianBuilding,CapeTown, S.Africa. 

898  RANDALL,  N.  M Md.  Steel  Co.,  Sparrows  Point,  Md. 

894  Rawling,  Charles  Q 403  Peabody  Building,  Wheeling,  W.  Va. 

895  Redding,  Allen  C Golconda  Mine,  Sumpter,  Oregon. 

895  Redding,  Clifford  R Index,  Snohomick  Co.,  Wash. 

898  Redpath,  L^on  W 620  Atlantic  Ave.,  Boston,  Mass. 

887  Redwood,  Boverton 4  Bishopgate St.,  Within,  London,  E.  C, 

England. 
893  Reese,  Charles  L N.  J.  Zinc  Co.,  Newark,  N.  J. 

900  Reid,  E.  Emmet Coll.  of  Charleston,  Charleston,  S.  C. 

897  Reinus,  Bernhard Paterson  Chem.  Works,  First  Ave.,  Pat- 

erson,  N.  J. 

900  Remington,  Joseph  P 1832  Pine  St.,  Philadelphia,  Pa. 

898  Remsen,  Ira Johns  Hopkins  Univ.,  Baltimore,  Md. 

897  Rei^ter,  L.  H Mercks  Building,  N.  Y.  City. 

896  Rhodes,  Edward Oaklands,  Frodsham,  Cheshire,  Eng. 

887  Rice,  Charles Bellevue  Hospital,  N.  Y.  City. 

893  Richards,  Edgar 341  W.  88th  St.,  N.  Y.  City. 

898  Richards,  Ellen  H Mass.  Inst.  Tech.,  Boston,  Mass. 

900  Richards,  Joseph 1802  Catherine  St.,  Philadelphia,  Pa. 

893  Richards,  Joseph  W Lehigh  Univ.,  Bethlehem,  Pa. 

898  Richards,  Robert  H Mass.  Inst.  Tech.,  Boston,  Mass. 

898  Richards,  Theodore  W 44  Shepard  St.,  Cambridge,  Mass. 

897  Richardson,  Clifford Director    N.    Y.    Testing    Lab.,    Long 

Island  City,  N.  Y. 

895  Richardson,  George  M Stanford  Univ.,  Cal. 

876  Ricketts,  P.  de  P Columbia  Univ.,  N.  Y.  City. 

898  Riddell,  D.  F Waverly.  Nebr. 

898  Riederer,  Emil  J Care  of  Hercules  Powder  Co.,  Ashburn, 

Mo. 
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189X  RigffSf  O.  W Summit,  N.  J. 

1894  Rigga,  Louis  W Cornell  Univ.  Med.  College,  414  E.  iGOi 

St. ,  N.  Y.  City. 

1895  Riggs,  Robert  B 35  Forest  St.,  Hartford,  Conn. 

1899  Ripley,  Philip  P Andover,  Mass. 

1899  Rippetoe,  J.  J Vallejo,  Cal. 

1900  Rising,  Herbert  R 208  Water  St.,  Johnstown,  Pa. 

1893  Rising,  W.  B Univ.  of  Cal.,  Berkeley,  Cal. 

1899  Ritchey,  J.  C Nat.  Steel  Co.,  Mingo  Junction,  0. 

1897  Ritchey,  J.  Warren 701  Bay  miller  St.,  Cincinnati,  0. 

1895  Robbins,  Wm.  K Amoskeag  Mills,  Manchester,  N.  H. 

1898  Roberts,  Charles  C 223  Sharpless  St.,  West  ChesUr,  Pl 

1898  Roberts,  Charlotte  P Wellesley  College,  Wellesley,  Haas. 

1899  Roberts,  W.  H City  Hall,  Minneapolis,  Minn. 

1899  Robertson,  Benjamin  F Clemson  College,  S.  C. 

1893  Robertson,  Wm P.  O.  Drawer  D,  Charleston,  S.  C. 

1894  Robinson,  Wm.  S 1112  Dodge  St.,  Omaha,  Neb. 

1894  Roeser,  Frederick 240  W.  i3otli  St.,  N.  Y.  City. 

1899  Rogers,  Allen Univ.  of  Maine,  Orono,  Me. 

1893  Rolfe,  George  W 405  Broadway,  Cambridge,  Mass. 

1898  Root,  William  L St.  John's  School,  Manlius,  N.  Y. 

1900  Root,  William  W 186  Eugenie  St.,  Chicago,  111. 

1893  Rosell,  C.  A.  O 268  W.  Broadway,  N.  Y.  City. 

1899  Rosenberg,  Martin  A 27  Lambert  Ave.,  Roxbnry,  Mass. 

1895  Rosengarten,  George  D 1700  Fitz water  St.,  Philadelphia,  Pa. 

1900  Rosentwist,  Birger  G.  A  •  •  •  •  Fessenden  St.,  Jamaica  Plain,  Boston, 

Mass. 

1892  Ross,  B.  B State  Chemist,  Auburn,  Ala. 

1900  Ross,  Herbert  W 1070  i6th  St.,  Oakland,  Cal. 

1896  Rossi,  Auguste  J 35  Broadway,  N.  Y.  City. 

1897  Rowland,  Wm.  L 4800  Chester  Ave.,  Philadelphia,  Pa. 

1900  Rudnick,  Paul  P.  A 3701  S.  Lincoln  St.,  Chicago,  III. 

1893  Runyan,  E.  G Dept.  of  Agr.,  Washington,  D.  C. 

1898  Russell,  L.  Kimball Mass.  Inst.  Tech.,  Boston,  Mass. 

1893  SAARBACH,  Ludwig 23  William  St.,  N.  Y.  City. 

1886  Sabin,  A.  H Box  85,  Long  Island  City,  N.  Y. 

1893  Sadtler,  Samuel  P 1042  Drezel  Building,  Philadelphia,  Pa. 

1899  Sadtler,  Samuel  S 336  Franklin  St.,   Germantown,  Phila- 

delphia, Pa. 

1894  Saltar,  J.  Coleman Pemberton,  N.  J. 

1895  Sanborn,  E.  R Sharon,  Pa. 

1894  Sanders,  C.  N Ponce  de  Leon  Hotel,  Roanoke,  Va. 

1893  Sanderson,  John Box  84,  Middlesborough,  Ky. 

1900  Sandford,  Wm.  E Kewanee,  111.  * 

1900  Sanger,  Charles  R Cheni.    Lab, ,    Harvard   College,  Cam- 
bridge, Mass. 
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1896  Sargent,  Charles  L Peace  Dale,  R.  I. 

1894  Sargent,  George  W Carpenter  Steel  Co. ,  Reading,  Pa. 

1899  Sarles,  Edgar  H 111.  Chem.  Co.,  Chicago  Heighto,  111. 

1893  Sauer,  Ewald Wilhelm  Strasae  50,  Berlin,  Germany. 

1899  Saunders,  A.  P Cornell  Univ.,  Ithaca,  N.  Y. 

1891  Saunders,  Walter  M 20  Dewey  St.,  Olneyville,  R.  I. 

1898  Sawyer,  Harris  B 37  Gates  St.,  South  Boston,  Mass. 

1897  Sawyer,  Harry  B Broad  and  Commercial  Sts.,  Bath,  Me. 

1900  Schaak,  Milton  P 108  Penn  St.,  Brooklyn,  N.  Y. 

1894  Schaeffer,  Henri Manchester  Mills,  Manchester,  N.  H. 

1897  Schaffer,  H.  A 347  Broadhead  St.,  Easton,  Pa. 

1894  Schanche,  Herman  G 3401  Gray*s  Ferry  Road,  Philadelphia,  Pa. 

1891  Schedler,  Robert  W 405  4th  St.,  Brooklyn,  N.  Y. 

1898  Scherr.  E.  W.,  Jr 2067  7th  Ave.,  N.  Y.  City. 

1894  Schiedt,  Richard  C 526  W.  James  St.,  Lancaster,  Pa. 

i89i  Schieffelin,  W.  J 170  WiUiam  St.,  N.  Y.  City. 

1894  Schiller,  Louis  ] Care  of  Arbuckle  Bros.,  Foot  of  Pearl  St., 

Brooklyn,  N.  Y. 

1894  Schimpf ,  Henry  W 372  W.  35th  St. ,  N.  Y.  City. 

1898  Schleicher,  F.  J 38  W.  loth  St.,  Long  Island  City,  N.  Y. 

1899  Schlichting,  Emil 103  N.  Front  St.,  Philadelphia,  Pa. 

1895  Schloss,  Joseph  A Care  of  La  Gran  Fundicion   Nacionale 

Mezicana,  Monterey,  Mexico. 

1894  Schmidt,  Louis 215  E.  4th  St.,  Cincinnati,  O. 

1900  Schnierwind,  F United  Coke  and  Gas  Co.,  36  Wall  St., 

N.  Y.  City. 
1899  Schober,  W.  B Lehigh  Univ.,  So.  Bethlehem,  Pa. 

1899  Schoch,  Eugene  P Kent    Chem.   Lab.,   Univ.    of   Chicago, 

Chicago,  111. 

1896  Schoen,  Joseph Care  of  Standard  Syrup  Ref.  Co.,  12  S. 

Commercial  St.,  St.  Louis,  Nev. 

1900  Schoonmaker,  H 120  N.  Main  St.,  Los  Angeles,  Cal. 

1895  Schroeder,  Edward 221  Pearl  St.,  N.  Y.  City. 

1886  Schupphaus,  R.  C 174  Broadway,  N.  Y.  City. 

1899  Schuyler,  Erwin  H High  School,  Watertown,  N.  Y. 

1892  Schweitzer,  Hugo 427  W.  117th  St.,  N.  Y.  City. 

1894  Scovell,  M.  A Agr.  Expt.  Sta.,  Lexington,  Ky. 

1898  Scudder,  Heyward Mass.  Inst.  Tech.,  Boston,  Mass. 

1896  Seal,  Alfred  N 405   Wister  St. ,  Germantown,   Philadel- 

phia, Pa. 

1890  Seaman,  Wm.  H 1424  nth  St. ,  Washington,  D.  C. 

1894  Seamon,  Wm.  H Box  97,  El  Paso,  Texas.  ^ 

1900  Sears,  Frederick  E St.  PauPs  School,  Concord,  N.  H. 

1897  Sedding,  George  H.  P Care  of  Florida  Syndicate,  Jacksonville, 

Fla. 

1887  Seely,  Henry  Martyn 3  South  St.,  Middlebury,  Vt. 
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890  Seher,  August no  Montclair  Ave.,  Newark,  N.  ]. 

898  Scidenstickcr,  Lewis  J Mass.  Inst.  Tech.,  Boston,  Mass. 

894  Seldner,  Rudolph 217  Jefferson  Ave.,  Brooklyn,  N.  Y. 

89s  Semans,  Wm.  O Ohio  Wesleyan  Univ.,  Delaware,  0. 

894  Share,  Wm.  W 331  McDonough  St.,  Bnwklyn,  N.  Y. 

898  Sharpies,  Philip  P  - 13  Broad  St.,  Boston,  Mass. 

876  Sharpies,  S.  P 13  Broad  St.,  Boston,  Mass. 

895  Sharwood,  Wm.  J Care  of  Montana  Mining  Co.,  Ltd.,  Maiys- 

ville,  Lewis  aud  Clarke  Co.,  Moot. 

897  Shattuck,  A.  F Sol vay  Process  Co.,  Detroit,  Ifich. 

895  Shaw,  G.  W Corv^lis,  Ore. 

899  Shaw,H.I Gilt  Edge,  Mont. 

896  Shaw,  Wm.  T Bozeman,  Mont. 

895  Shepherd,  Prank  I Univ.  of  Cincinnati,  Cincinnati,  0. 

898  Sherman,  G.  W Room  509,  Exchange  Bldg.,  ssStateSt., 

Boston,  Mass. 

894  Sherman,  H.  C    •  -  •  • Columbia  University,  N.  Y.  City. 

895  Sherrard,  Charles  C 121  20th  St.,  Detroit.  Mich. 

893  Shimer,  P.  W Easton,  Pa. 

894  Shinn,  Owen  Louis Univ.  of  Pa.,  Philadelphia,  Pa. 

898  Shiver,  Frank  S Clemson  College,  S.  C. 

893  Shorey,  Edmund  C Box  360,  Honolulu,  H.  I.,  U.  S.  A. 

894  Shuler,  D.  P Sudbury,  Ont. 

894  Shutt,  Prank  T OtUwa,  Canada. 

900  Shuttleworth,  Arthur  E Guelph,  Ontario. 

894  Sidener,  C.  F Univ.  of  Minn.,  Minneapolis,  Minn. 

894  Sieker,  Ferdinand  A 524  Bloomfield  St.,  Hoboken,  N.  J. 

898  Simmons,  Ward  W Box  565,  Johns  Hopkins  Univ.,  Baltimore, 

Md. 

887  Simon,  S.  E Belleville,  N.  J. 

876  Simon,  Wm 1348  Block  St.,  Baltimore,  Md. 

898  Simons,  Frank  D **The  Montrose    Flats."    1115  #  St., 

Washington,  D.  C. 

893  Simonson,  W 102  W.  9th  St.,  Cincinnati,  O. 

894  Sims.  Clough  W 1706  Polk  Ave.,  Houston.  Tex. 

899  Skinner,  Hervey  J General  Chem.  Co..  Moro  Phillips  WoAs, 

Camden,  N.  J. 

896  Skinner,  Wm.  W College  Park,  Md. 

896  Slagle,  Robert  L Rapid  City,  S.  D. 

900  Sloane.  T  O'Conor 39  Wall  St.,  N.  Y.  City. 

896  Slosson,  E.  E Univ.  of  Wyoming,  Larainie,  Wyo. 

898  Small,  Fritz  H Care  of  Graton   and   Knight  Mfg.  Co., 

Worcester,  Mass. 

891  Smith,  Albert  L 6531  Union  Ave.,  Englewood,  111. 

898  Smith,  Albert  W I  loi  E.  Madison  Ave. .  Cleveland,  0. 

898  Smith,  Arthur  C Waltham,  Mass. 
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899  Smith,  £.  A Anaconda,  Mont. 

893  Smith,  Edgar  F Univ.  of  Pa. ,  Philadelphia,  Pa. 

893  Smith,  Edward  L 10  Lowell  St.,  Worcester,  Mass. 

897  Smith,  Erastus  G Beloit,  Wis. 

894  Smith,  Ernest  Ellsworth 262  5th  Ave.,  N.  Y.  City. 

897  Smith,  F.  Warren Care  of  Cal.  Powder  Works,  Pinole.  Cal. 

898  Smith,  Frederick  J Box  46,  Elizabeth,  N.  J. 

894  Smith,  Harry  E 29  31st  St. ,  Milwaukee,  Wis. 

894  Smith,  Herbert  E Yale  Med.  School,  New  Haven,  Conn. 

898  Smith,  H.  Monmouth Univ.  of  Syracuse,  Syracuse,  N.  Y. 

898  Smith,  Horace  T E.  Bridgewater,  Mass. 

895  Smith,  J.  D.  Audley Care  of  Ariz.  Copper  Co.,  Ltd. ,  Clifton, 

Ariz. 

898  Smith,  John  W Mass.  Inst.  Tech. ,  Boston ,  Mass. 

894  Smith,  Walter  E 47  Jenkins  St.,  Providence,  R.  I. 

897  Smith,  Warren  R Lewis  Institute,  Chicago,  111. 

900  Smither,  F.  W Mount  Pleasant,  Tenn. 

895  Smolt,  F.  O 308  W.  Broadway,  Butte,  Mont. 

895  Smoot,  Albert  M 260  W.  Grand  St.,  Elizabeth,  N.  J. 

897  Smyth,  Geo.  A 120  S.  Grove  Ave. ,  Oak  Park,  111. 

891  Snyder,  Harry Expt.  Sta. ,  St.  Anthony  Park,  Minn. 

899  Snyder,  O.  J Rooms  515-519,  Stephen  Girard  Bldg., 

Philadelphia,  Pa. 

898  Snyder,  Wm.  H Worcester  Academy,  Worcester,  Mass. 

897  Sohon,  M.  D Mixed  High  School,  N.  Y.  City. 

898  Somermeier,  E.  E Ohio  State  Univ. ,  Columbus,  O. 

900  Soper ,  George  A 29  Broadway,  N.  Y.  City. 

894  Souther,  Henry 440  Capitol  Ave. ,  Hartford,  Conn. 

899  Sovereign,  Clarence  L Glucose  Sugar  Ref.  Co.,  Rockford,  111. 

898  Spencer,  G.  Carl 2  Ames  PL,  Lowell,  Mass. 

893  Spencer,  G.  L Dept.  of  Agr.,  Washington,  D.  C. 

893  Speyers,  C.  L Rutgers  College,  New  Brunswick,  N.  J. 

898  Spieler,  A.  J The  Will  and    Baumer   Co.,   Syracuse, 

N.  Y. 

890  Springer,  Alfred 312  E.  2nd  St. ,  Cincinnati,  O. 

877  Squibb,  E.  R 36  Doughty  St.,  Brooklyn,  N.  Y. 

896  Stahl,  Karl  P 57th  St.  and  A.  V.  Ry.,  Pittsburg,  Pa. 

S98  Stantial,  F.  G Cochrane  Chem.  Co. ,  Everett,  Mass. 

894  Starke,  Frederick  W 1853  N.  28th  St. ,  Philadelphia,  Pa. 

887  Starr,  H.  F 142  4th  Ave.,  Newark,  N.J. 

900  Starz,  Emil 204  N.  Rodney  St.,  Helena,  Mont. 

900  Stead ,  J.  E Laboratory  and  Assay  Office,  Queen's 

Terrace,  Middlesbrough,  England. 

892  Steams,  J.  B * Univ.  of  Vermont,  Burlington,  Vt. 

896  Stearns,  T.  C 44  Montgomery  St. ,  Jersey  City,  N.  J. 

879  Stebbins,  James  H.,  Jr 80  Madison  Ave.,  N.  Y.  City. 
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1898  Steel,  Frederick  W Care  of  Cuming    Smith  &  Co.,  Ud., 

Yarrayille,  Melbonme,  Ans. 

893  Steiger,  George 1361  Yale  St. ,  N.  W. ,  WashingtoD,  D.  C 

894  Stephens,  Heory  M Dickinson  College,  Carlisle,  Pa. 

899  Stephens ,  W.  B Stephens  &  Bro. ,  Marshall  Ave. ,  Ciocin. 

nati,  O. 

898  Stern,  David 112  Garfield  PI. ,  Cincinnati,  O. 

898  Stern,  Heinrich 1338  Lexington  Ave..  N.  Y.  City. 

891  Sternberg,  L 34  Louisen  Strasse,  Munich,  GermanT. 

898  Stetson ,  Frank  O U.    S.    Weather   Bureau ,   Washington, 

D.  C. 

900  Stevens,  Alviso  B 915  Oakland  Ave. ,  Ann  Arbor,  Mich. 

898  Stevens,  Bdward  K 8  Washington  Sq. ,  Newport.  R.  I. 

899  Sticht,  Gustave  A.  H Care  of  Tartar  Cfaem.  Co.,  Jersey  City. 

N.  I. 

892  Stiles,  W.  M Care  of  Edward  Smith  Co.,  Box 85,  Long 

Island  City,  N.  Y. 

897  Stillman,  John  M SUnford  Univ.,  Cal. 

890  Stillman,  Thomas  B Stevens  Institute,  Moboken.  N.  J. 

876  Stillwell,C.  M 5S  Fulton  St.,  N.  Y.  City. 

893  Stillwell,J.  S 18  Great  Windmill  St.,  Piccadilly  Cii- 

ens,  London,  W.,  England. 

896  Stocker,  John  H 214  Hancock  St.,  Brooklyn,  N.  Y. 

895  Stoddard,  John  T 57  Crescent  St. ,  Northampton,  Msss. 

893  Stokes,  Henry  N U.  S.  Geol.  Surv. ,  Washington,  D.  C. 

894  Stone,  George  C 115  Broadway,  N.  Y.  City. 

894  Stone,  Winthrop  B Purdue  Univ.,  Lafayette,  Ind. 

899  Street,  John  Phillips N.  J.  Agr.  Expt.  Station,  New  Brnns- 

wick,  N.  J. 

897  Stiircke,  H.  E 284  Pearl  St.,  N.  Y.  City. 

900  Sullivan,  E.  C 331  Packard  St. ,  Ann  Arbor,  Mich. 

898  Sullivan,  J.  M Centenary  College,  Jackson,  La. 

896  Summers,  Bertrand  S Care  of  Western  Electric  Co.,  Chicago, 

111. 

900  Sundstrom,  Carl Solvay  Process  Co.,  Detroit,  Mich. 

900  Sundstrom,  Karl  J Trenton ,  Wayne  Co. ,  Mich. 

898  Suter,  Frank • Eastern  High  School ,  Washington,  D.  C. 

898  Sutro,  H.  H 60  W.  49th  St.,  N.  Y.  City. 

899  Swan,  Clifford  M 91  Babcock  St. ,  Brookline,  Mass. 

894  Swan,  J.  N Monmouth,  III. 

894  Sweetser,  R.  C Greendale,  Mass. 

895  Swenson,  M 944  Monadnock  Block,  Chicago,  III. 

895  Swett,  Charles  E 171  Pleasant  St.,  Providence,  R.  I. 

896  Sy,  Albert  P 24  High  St.,  Buffalo,  N.  Y. 

900  Syme,  Wm.  A North  and  Person  Sts,,  Raleigh,  N.  C 

897  X  AGO  ART,  Walter  T 730  N.  20th  St.,  Philadelphia,  Pa. 
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1897  Takaminc,  Jokichi 475  Central  Park,  West,  N.  Y.  City. 

1894  Talbot,  Henry  P Mass.  Inst.  Tech.,  Boston,  Mass. 

1893  Tassin,  Wirt U.  S.  Nat.  Museum,  Washington,  D.  C. 

1894  Taylor,  Duncan  W Colgate  &  Co.,  Jersey  City,  N.  J. 

1900  Taylor,  H.  W 204  Carondelet  St.,  New  Orleans,  La. 

1898  Taylor,  Sherburne  F 3134  Boulevard,  N.  Y.  City. 

1900  Taylor,  Thomas  M Oberlin,  O. 

1891  Teeter,  C.  W 211  Hamilton  St.,  Peoria,  111. 

1894  Teller,  G.  L Fayetteville,  Ark. 

1896  Tennille,  Geo.  F Care  of  Southern  Cotton  Oil  Co.,  Savan- 
nah, Ga. 

1876  Teme,  Bruno The  Ammonia  Salts  Mfg.  Co.,  Pekin,  111. 

1898  Terry,  John  P *  Box  51,  Anaconda,  Mont. 

1890  Textor,  Oscar 158  Superior  St.,  Cleveland,  O. 

1896  Thatcher,  Charles  J Care  of  B.  T.  Babbitt,  82  Washington  St., 

N.  Y.  City. 

1897  Thatcher,  R.  W Agr.  Expt.  Sta.,  Lincoln,  Neb. 

1898  Thayer,  Fred.  L Rumford  Chem.  Wks.,  Providence,  R.  I. 

1898  Thigpen,  John  H Keachie,  La. 

1894  Thomas,  N.  Wiley Rooms  330-332,  City  Hall,  Philadelphia, 

Pa. 

1898  Thomas,  W.  H.,  Jr Colonial  Bleaching  and  Printing  Co.,  St. 

Henry,  Montreal. 
1896  Thomas,  William  S Belt,  Cascade  Co.,  Mont. 

1896  Thompson,  Firman Sugar  Expt.  Station,   Honolulu,   H.  I., 

U.  S.  A. 

1899  Thompson,  Milton  S Box  i,  Newburyport,  Mass. 

1895  Thomson,  Elihu Swampscott,  Mass. 

1898  Thomson,  Mary  J 119  W.  Grand  St.,  Elizabeth,  N.  J. 

1895  Thorbum,  A.  D Room  200,  100  State  St.,  Chicago,  111. 

1900  Thome,  Ernest  E.  H Care  of  H.  E.  Thome  &  Son,  Barbadoes, 

W.  I. 

1897  Thorp,  Frank  H Mass.  Inst.  Tech.,  Boston,  Mass. 

1898  Thorpe,  Edward  E 711  Boylston  St.,  Boston,  Mass. 

1898  Thrasher,  Edward  C Newport,  Vt. 

1900  Thurlow,  Nathaniel 55  New  St.,  Newark,  N.  J. 

1898  Thumauer,  Gustav Aurora  Metal  Co. ,  Aurora,  111. 

1894  Thurston,  Azor Grand  Rapids,  Wood  Co.,  O. 

1897  Tibbals,  W.  I 99  Cass  St.,  Detroit,  Mich. 

1896  Tiffany,  W.  C  2ii  Sprace  St.,  N.  Y.  City. 

1890  Tobin,  John  J 18  White  St.,  Newport,  R.  I. 

1897  Toch,  M 468-472  W.  Broadway,  N.  Y.  City. 

1895  Todd,  Albert  M Kalamazoo,  Mich. 

1895  Tompkins,  Vreeland 533  Communipaw  Ave.,  Jersey  City,  N.  J. 

1898  Torrey,  Charles  A.,  Jr 1015  S.  48th  St..  Philadelphia,  Pa. 

1900  Torrey,  Henry  A 75  S.  Prospect  St.,  Burlington,  Vt. 
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8^4  Touceda,  Enrique Care  of  Troy  Steel  Co.,  Troy,  N.  Y. 

899  Tower,  Olin  F Adelbert  College.  Cleveland^  O. 

894  Townsend,  Clinton  P U.  S.  Patent  Office,  Washington,  D.  C. 

894  Traphagen,  P.  W Bozeman,  Mont. 

893  Treat,  Joseph  A Stuart,  Iowa. 

893  Trescot,  T.  C Century  Club,  Washington,  D.  C. 

899  Trotz,  J.  O.  Emanuel ao  Green  Lane,  Worcester,  Mass. 

899  Trowbridge,  Miles  L %--Care  of  Merck   &  Co.,   University  and 

Clinton  PI.,  N.  Y.  City. 

898  Trowbridge,  Perry  F 226  Observatory  St.,  Ann  Arbor,  Mich. 

893  Trubek,  Moses 26  E.  104th  St.,  N.  Y.  City. 

900  Tucker,  Charles  W 8  Grover  St.,  Lynn,  Mass. 

893  Tucker,  George  P Room   240,   Patent  Office,   Washington, 

D.  C. 

895  Tucker,  Samuel  A Havemeyer  Hall,  Columbia  Univ.,  N.  Y. 

City. 
883  Tucker,  W.  G Albany  Medical  College,  Albany,  N.  Y. 

899  Tuschka,  Otto Care  of  Seamon  Lab.,  El  Paso,  Texas. 

895  Tuthill,  J.  B.  T Salem  Gas  Light  Co.,  Salem,  Ore. 

894  Tuttle.  D.  K U.  S.  Mint,  Philadelphia,  Pa. 

899  Tutwiler,  C.  C 705  United  Gas  Building,  Philadelphia, 

Pa. 
892  Twitchell,  E Wyoming,  O. 

896  Tyrer,  Thomas Stirling  Chem.  Works,  Stratford,  London, 

E.,  England. 

896  UHLIG,  E.  C 229  E.  I2th  St.,  N.  Y.  City. 

895  UUmann,  H.  M Lehigh  Univ. ,  South  Bethlehem,  Pa. 

898  Underwood,  G.  R Box  460,  Peabody,  Mass. 

899  \/AN  BRUNT,  Charles 3617  Oak  St.,  Kansas  City,  Mo. 

897  Van  Cleve,  Carl  E 603  5th  St.,  S.  E.,  Minneapolis,  Minn. 

879  Vanderpoel,  Frank 153  Center  St.,  Orange,  N.  J. 

899  Van  Dyck,  Edwin  M Bureau  Engraving  and  Printing,  Wash- 

ington, D.  C. 

897  Van  Gelder,  Arthur  P Atlantic  Dynamite  Co.,  Rustic,  N.  J. 

891  Van  Gundy,  C.  P Chief  Chemist  B.  &  O.  R.  R.,  Baltimore, 

Md. 
894  Van  Ingen,  Dudley  A N.  J.  Zinc  Co.,  Newark,  N.  J. 

900  Van  Riper,  George  B Rutherford,  N.  J. 

898  Van  Slooten,  William 52  Sidney  PI.,  Brooklyn,  N.  Y. 

900  Van  Slyke,  Lucius  L  •  •  * Agr.  Expt.  Station,  Geneva,  N.  Y. 

894  Veitch,  F.  P College  Park,  Md. 

894  Venable,  F.  P Univ.  of  N.  C,  Chapel  Hill,  N.  C. 

896  Vinson,  Albert  E Ohio  State  Univ.,  Columbus,  O. 

894  Volckening,  Gustave  J 315  Quincy  St.,  Brooklyn,  N.  Y. 

883  Volney,  C.  W 173  W.  8ist  St.,  N.  Y.  City. 
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1899  von  EglofFstein,  C 714  Bush  wick  Ave.,  Brooklyn,  N.  Y. 

1893  Von  HerfiF,  B German  Kali  Co.,  93  Nassau  St.,  N.  Y. 

City. 

894  Voorhees,  Edward  B New  Brunswick,  N.  J. 

900  Voorhees,  Gerald  E Berwick,  Pa. 

1893  Voorhees,  Louis  A Box  290,  New  Brunswick,  N.  J . 

893  Voorhees,  Samuel  S N.  Y.  C.  R.  R.,  West  Albany,  N.  Y. 

898  Vreeland,  Cornelius  D Care  of  111.  Chem.  Co.,  Chicago  Heights, 

111. 

898  Vult^,  Hermann  T Barnard  College,  N.  Y.  City. 

900  lA/ACHTER,  Leonard  M.-.45  James  St.,  Green  Island,  N.  Y. 

893  Wade,  E.  M ii5i  N.  Main  St.,  Los  Angeles,  Cal. 

894  Wadman,  Walter  E 102  Lord  Ave.,  Bayonne,  N.  J. 

899  Wagner,  Theodore  B 52  Walton  PI.,  Chicago,  111. 

885  Wainwright,  J.  H 159  Front  St.,  N.  Y.  City. 

895  Wait,  Charles  E Univ.  of  Tenn.,  Knoxville,  Tenn. 

898  Wakefield,  Frank  P 4  Haskins  Court,  Maiden,  Mass. 

895  Wakeman,  Alfred  J Greenwich,  Conn. 

893  Waldbott,  Sigmund 224  W.  Court  St.,  Cincinnati,  O. 

878  Waldstein,  M.  E 107  Murray  St.,  N.  Y.  City. 

895  Walker,  Henry  V 40  Clinton  St.,  Brooklyn,  N.  Y. 

893  Walker,  Percy  H Ala.  Cons.  C.  and  I.  Co.,  Gadsden,  Ala. 

898  Walker,  Wm.  H Mass.  Inst.  Tech.,  Boston,  Mass. 

891  Wallace,  E.  C Foot  of  W.  6th  St.,  Long  Island  City,  N.Y. 

894  Wallenstein,  Florian Oranienburgerstrasse     28,     Berlin,     N., 

Germany. 

876  WALLER,  ELWVN 159  Front  St.,  N.  Y.  City. 

898  Walls,  Arthur  W Care    of    Merrimac    Chem.    Co. ,    North 

Wobum,  Mass. 

899  Ward,  Delancey  W 247  Sanford  Ave.,  Flushing,  N.  Y. 

893  Warder,  Robert  B Howard  Univ.,  Washington,  D.  C. 

894  Wardman,  George  B 2*  Ojocaliente  num.  8,  Apartado  24,  Ag- 

uascalientes,  Mexico. 

899  Ware,  Ezra  J 241  Belvidere  Ave.,  Detroit,  Mich. 

890  Washburn,  J.  H « -  • R.  I.  Coll.  of  A.  and  M.  Arts,  Kingston, 

R.  I. 

898  Wason,  Robert  S 61-63  Chatham  St.,  Boston,  Mass. 

894  Waterman,  Chauncey  N 134  50th  St.,  Chicago,  111. 

898  Watkins.  Williard  H 87  Poplar  St.,  Roslindale,  Mass. 

898  Watson,  Edward  T 172  E.  Main  St.,  Chillicothe,  O. 

898  Watters,  Leon  L '53  E.  56th  St.,  N.  Y.  City. 

897  Weber,  Everhard 4277  Williamson  PI.,  Cumminville,  Cin- 
cinnati, O. 

876  Weber,  H.  A State  Univ.,  Columbus,  O. 

897  Weed,  Henry  T M.  T.  High  School,  Brooklyn,  N.  Y. 
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1894  Wccms,  J.  B Iowa  Agr.  Coll.,  Ames,  Iowa. 

1899  Weiasmann,  Pred.  W 221  Molitor  St.,  Cincinnati,  0. 

1900  Weld,  Fred  C Avery  Chem.  Co.,  Littleton,  Mass. 

1891  Welles,  A.H 635  Quincy  Ave.,  Scranton,  Pa. 

1891  Wellington,  Charles 52  Amity  St.,  Amherst,  l^ass. 

1900  WeUs,  Allan 213  S.  St.  Clair  St.,  Pittsbuig,  Pa. 

1895  Wells,  Horace  L p 57  Tmmbull  St.,  New  Haven,  Conn. 

1898  Wells,  James  S.  C Columbia  Univ. ,  N.  Y.  City. 

1899  Welt,  Ida 814  Lexington  Ave.,  N.  Y.  City. 

1895  Wentworth,  W.  V Penobscot  Chem.  Fibre  Co.,  Great  Works, 

Me. 
1897  Werk,  Louis Westwood,  Cincinnati,  Ohio. 

1897  Wessling,  Hannah  L 549  Milton  St.,  Cincinnati,  O. 

1891  Wesson,  David Box  458,  Savannah,  Ga. 

1892  Westenf elder,  B.  D Amer.  Oak  Leather  Co.,  Cincinnati,  0. 

1893  Westessan,  J.  P.  L Navy  Yard,  Washington,  D.  C. 

1898  Weston,  David  B 42  Riverside  St. ,  Watertown,  Mass. 

1894  Weston,  Robert  Spurr 14  Beacon  St.,  Boston,  Mass. 

1899  Wetterstroem,  Theodore  D>.  .Spring  Grove  Ave.  and  Cooper  St.,  Cin- 

cinnati,  O. 

1894  Wheeler,  Edward  J 79  Chapel  St. ,  Albany,  N.  Y. 

*  1890  Wheeler,  H.  J Chemist  R.  I.  Expt.  Station,  Kingston, 

R.  I. 

1900  Wheeler,  Henry  L Sheffield  Chem.  Lab.,  New  Haven,  Coim. 

1900  Whipple,  George  C Flatbush   Ave.    and    Eastern   Parkwaj, 

Brooklyn,  N.  Y. 
1898  Whitaker,  DeBemiere Spanish- American  Iron  Co.,  Santiago  de 

Cuba,  Cuba. 
1898  Whitaker,  M.  C Columbia  Univ.,  N.  Y.  City. 

1895  White,  Alfred  H 413  E.  Liberty  St.,  Ann  Arbor.  Mich. 

1891  White,  C.  H U.  S.  Naval  Museimi  of  Hygiene,  Wash- 

ington, D.  C. 
1898  White,  G.  Rantoul Exeter  Academy,  Exeter,  N.  H. 

1894  White,  H.  C Univ.  of  Georgia,  Athens,  Ga. 

1895  White,  John Box  675,  Lincoln,  Nebr. 

1898  White,  Laura  B i  Copeland  PL,  Roxbury,  Mass. 

1892  Whitehead,  Cabell Bureau  of  the  Mint,  Treas.  Dept.,  Wash- 

ington, D.  C. 

1895  Whitehead,  R.  L ? Box  142,  Mt.  Washington,  Md. 

1894  Whitfield,  J.  Edward 406  Locust  St.,  Philadelphia,  Pa. 

1897  Whitney,  Willis  R Mass.  Inst.  Tech.,  Boston,  Mass. 

1900  Whittier,  Charles  T Provident  Chem.  Wks.,  St.  Louis,  Mo. 

1894  Wiborg,  F.B The  Ault  &  Wiborg  Co.,  Box  844,  Cin- 

cinnati,  O. 

1893  Wickhorst,  Max  H Care  of  C.  B.  &  Q.  Ry.,  Aurora,  111. 

1899  Wiechmann,  F.  G 771  West  End  Ave.,  N.  Y.  City. 
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1 899  Wiener,  William 62;^  Nelson  PI. ,  Newark,  N.  J. 

1896  Wigfall,  E.  Newton Box  257,  Somerville,  N.  J. 

1898  Wilder,  Salmon  W.,  Jr 77  Broad  St.,  Boston,  Mass. 

1891  Wiley.  H.  W Dept.  of  Agr.,  Washington,  D.  C. 

1900  Wiley,  Walter  B Bramwell,W.  Va. 

1899  Wilkens,  H.  A.  J N.  J.  Zinc  Co.,  52  Wall  St.,  N.  Y.  City. 

1898  Wilkinson,  T.  K Box  93,  Anaconda,  Mont. 

1894  Willard,  Julius  T Manhattan,  Kans. 

1900  Willcox,  Frank  A Oakland,  Bergen  Co.,  N.  J. 

1897  Willey,  Ogden  G Box  179,  Berwyn,  111. 

1896  Williams,  Charles  B Box  375,  Raleigh,  N.  C. 

1893  Williams,  Henry  J 161  Tremont  St.,  Boston,  Mass. 

1885  Williams,  }.  T Stamford,  Conn. 

1899  Williams,  Lawrence  S Armour  Institute,  Chicago,  111. 

1894  Williams,  Rufus  P English  High  School,  Boston,  Mass. 

1900  Williams,  S.  Everard 36  Weld  Hall, 'Cambridge,  Mass. 

1885  Williams,  S.  W 8  Brighton  Ave.,  E.  Orange,  N.  J. 

1895  Williamson,  G.  N 14  Dey  St.,  N.  Y.  City. 

1898  Wilson,  Edwards  F Box  291,  Bristol,  Tenn. 

1898  Wilson,  Herman  T Glucose  Sug.  Ref.  Co.,  Peoria,  111. 

1897  Wing,  Herbert  H 76  Johnson  Park,  Buffalo,  N.  Y. 

1897  Winton,  A.  L 136  Canner  St.,  New  Haven,  Conn. 

1895  Withers,  W.  A State  Agr.  and  Mech.  Coll.,  Raleigh,  N.C. 

1899  Witherspoon,  Thomas  A 27  Iowa  Circle,  Washington,  D.  C. 

1883  Witthaus,  R.  A 414  E.  26th  St.,  N.  Y.  City. 

1876  Wolf,  T.  R Delaware  College,  Newark,  Del. 

1900  Wolfe,  J.  v.,  Jr Pckin,  111. 

1899  Wolff,  Frank  A.,  Jr Columbian  Univ.,  Washington,  D.  C. 

1891  Wood,' E.  Fred Munhall,  Pa. 

1890  Wood,  E.  S Harvard  Med.  School,  Boston,  Mass. 

1897  Wood,  Joseph  R Care  of  Henry  K.  Wampole  &  Co.,  439- 

441  Green  St.,  Philadelphia,  Pa. 

1896  Woodcock,  R.  C 636  W.  55th  St.,  N.  Y.  City. 

1898  Woodman,  A.  G Mass.  Inst.  Tech.,  Boston,  Mass. 

1887  Woodman,  Durand 127  Pearl  St.,  N.  Y.  City. 

1899  Woods,  R.  M Piano  Mfg.  Co.,  West  Pullman,  111. 

1898  Woodworth,  E.  Harold Box  352,  Jamestown,  N.  Y. 

1897  Wool  worth,  James  G 435  Angel  1  St.,  Providence,  R.  I. 

1899  Workman,  Henry  C U.  S.  Patent  Office,  Washington,  D.  C. 

1900  Worstall,  Robert  A. 1246  E.  Madison  Ave.,  Cleveland,  O. 

1895  Wrampelmeier,  T.  J 320  California  St.,  San  Francisco,  Cal. 

1894  Wulf,  Henry  C Union  Iron  Works,  San  Francisco,  Cal. 

1893  Wulling,  F.  J Univ.  of  Minn.,  Minneapolis,  Minn. 

1899  Wyatt,  Francis 39  So.  William  St.,  N.  Y.  City. 

1894  Wyckoff ,  George  H Care  of  Curtice  Bros.  Co. ,  Rochester,  N.  Y. 

1895  Wynkoop,  Gillett Hohokus,  N.  J. 
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1896  YATES,  J.  A Ottawa  Univ.,  Ottawa,  Kansas. 

1894  Yeates,  W.  S Stote  Geologist,  Atlanta,  Ga 

1898  Yeaton,  Arthur  C Westbrook  Seminary,  Portland,  Me. 

1894  Yocum,  John  H 30  Ferry  St.,  N.  Y.  City. 

1876  Youmans,  Wm.  J 72  5th  Ave..  N.  Y.  City. 

1892  Young,  A.  V.  E N.  W.  University,  Evanston,  111. 

1898  Young,  Stewart  W Stanford  University,  Cal. 

1894  Yount,  Clarence  E Columbia  Hospital,   25th  St.  and  Pena- 

sylvania  Ave.,  N.  W.,  Washingtoa, 
D.  C. 

1900  ZIEGLER,  J.  Clayton U.  S.  Naval  Torpedo  Station,   Newport, 

R.  I. 

1899  Zimmele,  H.  B 53  S.  Washington  Sq.,  N.  Y.  City. 

1893  Zimmer,  Hermann  Vf* Care  of  Wheeling  Pottery  Co.,  Wbeelio^. 

W.  Va. 
1892  Zinsser,  Fred.  G Hastings-on-Hudson,  N.  Y. 

Total 1546 


ASSOCIATES. 


1899  AlrlrEN,  Lucius  E 215  E.  Liberty  St.,  Ann  Arbor,  Mich. 

E895  Allison,  Wm.  O 100  William  St.,  N.  Y.  City. 

1 898  Ames,  George  £ 119  Hall  St. ,  Lowell,  Mass. 

1897  Anderson,  Chas.  A Litchfield,  Minn. 

1898  Annison,  Frederick  G Hohokus,  Bergen  Co.,  N.  J. 

1897  Armstrong,  Theodore Care  of  Penna.  Salt  Mfg.  Co.,   1 15  Chest- 

nut St.,  Philadelphia,  Pa. 
1 891  Arnold,  N.  D • . Rumford  Chem.  Co.,  Providence,  R.  I. 

1898  Ashby,  George  J.  M 3716  Wabash  Ave.,  Chicago,  111. 

1898  Atteaux,  F.  E 176  Purchase  St. ,  Boston,  Mass. 

1897  BAKER,  Dicia  H ^. . .  -Care  of  Presbyterian  Hospital,  W.  6th  St., 

Cincinnati,  O. 

1900  Berghausen,   Oscar 644  Crown    St.,   Walnut   Hills,  Cincin- 

nati, O. 

1900  Bloch,  Jesse  A Bloch    Bros.    Tobacco    Co.,    Wheeling, 

W.  Va. 

1894  Bradley,  Edson 45  Broadway,  N.  Y.  City. 

1896  Brinton,  C.  S Box  1894,  West  Chester.  Pa. 

1897  Bunker,  Henry  A 158  6th  Ave.,  Brooklyn,  N.  Y. 

1893  Burgess,  Herbert  S Box  1 131,  Providence,  R.  I. 

1900  Burke,  Edmund Bozeman,  Mont. 

1898  Butler,   Paul Lowell,  Mass. 

1899  Butler,  Robert  H 406  E.  Sandusky  Ave.,  ^Uefontaine,  O. 

1898  Butler,  Winthrop  F 79  Tudor  St.,  Chelsea,  Mass. 

1900  CALVERT,  Joseph  E Etna,  Allegheny  Co.,  Pa. 

1895  Church,  Herbert  Kenneth...  112    Martien    Hall,    Lafayette    College, 

Easton,  Pa. 

1898  Clapp,  Eugene  H 35  Federal  St.,  Boston,  Mass. 

1900  Clark,   Clara 201  N.  Jackson  St.,  Butte,  Mont. 

1880  Cochrane,  Hugh 55  Kilby  St.,  Boston.  Mass. 

1899  Coffin,  Edward  F 102  High  St.,  Newburyport,  Mass. 

1900  Condit,  Louis  C 139  Lafayette  Ave.,  Brooklyn,  N.  Y. 

1899  DARKE.  Jesse  M 7  Oakville  St.,  Lynn,  Mass. 

1894  Davidson,  Geo.  H. 28  Woodbine  St.,  Brooklyn,  N.  Y. 

1898  Dederick,  Prescott  K.,  Jr..  .-Box  665,  Albany,  N.  Y, 

1899  Driehaus,  Irwin  W Madisonville,  O. 

1894  DuPont,  Alexis  I Wilmington,  Del. 

1900  ECCLES,  David  C 191  Dean  St.,  Brooklyn,  N.  Y. 

1898  Ellis,  Carleton 195  Winchester  St.,  Keene,  N.  H. 
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1898  Ellsworth,   William 16  Lafayette  Ave.,  N.  Y.  City. 

1898  RERNANDEZ-CAVADA,  F  Cienfuegos,  Cuba. 

1897  Pinke,  Albert  H 91th  and  Race  Sts.,  Cincinnati,  O. 

1897  Finley,  Nerval  H 6638  Deary  St.,  Pittsburg,  Pa. 

1899  Pite,  Campbell  C i  Madison  Ave.,  N.  Y.  City. 

1897  Poster,  Albert  D 124  Charlotte  Ave.,  Detroit,  Mich. 

1897  Fuller,  R.  Clinton Puller  Iron  Works,  Providence,  R.  I. 

1898  OAGNEBIN,  C.  L 140  Oliver  St.,  Boston,  Mass. 

1900  Gearing,  James  H 2111  Sidney  St.,  Pittsburg.  Pa. 

1897  Germer,  James  W 511  Lincoln  Ave. ,  Chicago,  IlL 

1899  Goldstein,  Harris 228  Henry  St.,  N.  Y.  City. 

1900  Goodenough,  Robert  }  . . ..  .18  7th  Ave.,  Brooklyn,  N.  Y. 
1894  Goodridge,  E.  A Flushing,  N.  Y. 

1898  HALL,  Arthur  W Ziegler  Electric  Co.,  141  Franklin  St, 

Boston,  Mass. 
1894  Harrison,  C.  Leland 35th  St.  and  Gray's  Ferry  Road,  Phila- 
delphia, Pa. 

1897  Haslwanter,  Chas 904  Flushing  Ave.,  Brooklyn,  N.  Y. 

1899  Hawkins,  C.  C Flat  6,  Cimiberland  Bldg. ,  Avondale,  Cin- 

cinnati, O. 
1899  Hildreth,  Edward  T 338  N.  Main  St.,  Los  Angeles,  Cal. 

1898  Hobbs,  Alexander  F Merrimack  Mfg.  Co.,  Lowell,  Mass. 

1898  Holmes,  V.  Frank Mass.  Inst.  Tech.,  Boston,  Mass. 

1898  Howard,  Alonzo  P 13  Pearl  St.,  Boston,  Mass. 

1898  Howe,  Chester  A 92  State  St.,  Boston,  Mass. 

1898  Hubbard,  G.  C Totten ville,  Staten  Id. ,  N.  Y. 

1891  Huntington,  S.  V.  V 69  E.  78th  St.,  N.  Y.  City. 

1899  KEISER,  (Miss)  Marshall .. Hotel  Avenel,  Fort  Thomas,  Ky. 

1899  Kendall,  Arthur  1 338  Broadway,  Somerville,  Mass. 

1900  Kiehn,  Joseph  F Nelson  Morris  &  Co.,  U.  S.  Yards,  Chi- 

cago, 111. 

1894  Kiessig,  C.  H 4  Gold  St.,  N.  Y.  City. 

1899  Kin.sley,  Wm.  J 202  Broadway,  N.  Y.  City. 

1899  Knight,  George  W 38  Rosseter  St.,  Boston,  Mass. 

1876  KUTTROFF,  ADOLPH 128  Duane  St.,  N.  Y.  City. 

1894  LANNING,  John  G Horst,  O. 

1899  Loeser,  Robert  M Palo  Alto,  Cal. 

1895  Louder,  J.  Willis 411  Walnut  St.,  Catasauqua,  Pa. 

1899  Lysle,  Walter  S 223  Chartier  St.,  Allegheny,  Pa. 

1891  yVlAITLAND,  Alexander 45  Broadway,  N.  Y.  City. 

1893  Mallinckrodt,  Edward Mallinckrodt  Chem.  Works,  St.  Lonxs, 

Mo. 
1898  Marble,  J.  Russel Box  233,  Worcester,  Mass. 
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x899  Masury,  John  W Centre  Moriches,  Long  Island,  N.  Y. 

1876  Matthiessen,  P.  O 10  Wall  St.,  N.  Y.  City. 

1899  Meader,  A;  Lloyd Harris  Ave.,  Norwood,  Cincinnati,  O. 

X900  Medcalf ,  George  T Box  280,  Eureka,  Humboldt  Co.,  Cal. 

1898  Mehrbach,  William 56  E.  72d  St.,  N.  Y.  City. 

1877  Merz,  Henry 55  Maiden  Lane,  N.  Y.  City. 

1900  Mihalovitch,  Sidney  P 829  Hutchins    Ave.,    Avondale,   Cincin- 

nati, O. 

1890  OAKES,  P.J 58  Stone  St.,  N.  Y.  City. 

1900  Olshanaen,  Bruno Box  127,  Stanford  University,  Cal. 

1898  RFEIFPER,  Clarendon  H ..  I  W.  8ist  St.,  N.  Y.  City. 

1898  Pope,  W.  C 220  Devonshire  St.,  Boston,  Mass. 

1899  Porter,  John  J Observatory  Ave.,   Hyde  Park,   Cincin- 

nati, O. 
1899  Powell,  Thomas  H 53  S.  Main  St.,  South  Norwalk,  Conn. 

1899  Pray,  D.  M 508  Broadway,  So.  Boston,  Mass. 

1878  PRENTICE,  W.  P 52  Broadway,  N.  Y.  City. 

1900  Pretzfeld,  Charles  J 1211  Madison  Ave.,  N.  Y.  City. 

1900  REESE,  Herbert  J Bozeman,  Mont. 

1877  Renwick,  E.  S 19  Park  Place,  N.  Y.  City. 

1895  Reubens,  Charles  M 108  W.  1 13th  St.,  N.  Y.  City. 

1898  Rickaids,  Burt  R 162  Salem  St.,  Maiden,  Mass. 

899  Robeson,  Anthony  M 371  W.  120th  St.,  N.  Y.  City. 

899  Roller,  H.  C Dick,  Ridout  &  Co.,  Cobourg,  Ontario. 

898  Ruhl,  Louis Box  1999,  N.  Y.  City. 

899  Russell,  George  P Russell  Paper  Co.,  Lawrence,  Mass. 

894  SCHEEL,  Wm.  H 78  Pine  St.,  N.  Y.  City. 

876  SENFP,  CHARLES  H Whitestone,  Queens  Co.,  N.  Y. 

900  Shilstone,  Herbert  M 166  St.  James  PI.,  Brookl3m,  N.  Y. 

898  Smith,  Burnett 144  W.  73d  St.,  N.  Y.  City. 

900  Spragg,  Prank  A Bozeman,  Mont. 

898  Stadermann,  Albert  L 533  Betts  St.,  Cincinnati,  O. 

897  Steenken,  J.  G Box  2005,  N.  Y.  City. 

900  Stierlin,  E mo  Queen  City  Ave.,  Cincinnati,  O. 

900  Stifel,  Walter  H 1319  Locust  St.,  Allegheny,  Pa. 

890  Stiff,  George 439  Ditmar  Ave. ,  Borough  of  Queens, 

N.  Y.  City. 

877  Stursberg,  J.  A W.  Stursberg,  Schell  &  Co.,  79-81  Leon- 
ard St.,  N.  Y.  City. 

899  Summey,  Albert  E Box  36,  South  Amboy,  N.  J. 

899  TEASDALE,  Wm.  S 625-7  Wahiut  St.,  Cincinnati,  O. 

894  Terheun,  Peter  O Hohokus,  Bergen  Co.,  N.  J. 

898  Thompson,  J.  Howard 372  Atlantic  Ave.,  Boston,  Mass. 

899  Treiber,  C 372  Atlantic  Ave.,  Boston,  Mass. 
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i895  Tuckerman,  Alfred 342  W.  57th  St. ,  N.  Y.  City. 

1898  Tufts,  John  L 433  Penn  St.,  Camden,  N.  J. 

1898  Tnrnball,  Arthur 38  Kilby  St.,  Boston,  Mass. 

1897  Tnrnqutst,  CM 2458  Wentworth  Ave.,  Chicago,  HI. 

1896  Twining,  P.  E Lock  Box  693,  Fresno,  Cal. 

1895  lA/ALDMAN,  Louis  I P.  O.  Box  162,  Albany,  N.  Y. 

1900  Warren,  Robert  C 919  S.  6th  St.,  Terre  Haute,  Ind. 

1900  Waters,  Oliver  G 223  5th  Ave. ,  Pittsbui]g,  Pa, 

1900  Watson,  Henry  E.  G 117  Martien  Hall,  Baston,  Pa. 

1900  Webb,  Ernest  H 1256    Massachusetts    Ave.,    Cambridge, 

Mass. 

2900  Willard,  H.  H Union  City,  Mich. 

Total 123 

Members 1546 

Associates 123 

Honorary 10 

Total 1679 


GEOGRAPHICAL  LIST- 

FOR  VVhl.  ADDRESSES  SEE  ALPHABETICAL  LIST  OF  MEMBERS. 


AUBURN. 


Hare,  C.  L. 
Ross,  B.  B. 

BIRMINGHAM. 

Burn,  Harry 
Hancock,  David 
Harris,  J.  R. 
Kelly,  F.  G. 
I/inton,  J.  H. 
Norman,  G.  M. 

EUSLKY. 
Belden,  A,  W. 

BISBEE. 

Closson,  C.  D. 
Nichols,  H.  T. 

CLIFTON. 
Smith,  J.  D.'A. 

CRITTENDEN. 
Neil  son,  Thomas 

FAYETTEVILLE. 
Menke,  A.  E. 
Teller,  G.  L. 

BERKELEY. 

Blasdale,  W.  C. 
O'Neill,  Edmund 
Rising,  W.  B. 

EUREKA. 

Medcalf,  G.  T.     (A)* 

FRESNO. 

Xwining,  F.  E.  (A) 

LOS  ANGELES. 

Bullard,  F.  D. 
Posdick,  E.  H. 
Hildreth,  E.  T.  (A) 
Labonde,  Leon 
Schoonmaker,  H. 
Wade.  E.  M. 

♦  (A)  —  Associate. 


ALABAMA. 

GADSDEN. 

Walker,  P.  H. 

TALLADEGA. 

Miller,  F.  W. 

UNIVERSITY. 
Persons,  A.  A. 

WOODWARD. 

Evans,  Ernest. 


ARIZONA. 


JEROME. 


Mather,  H.  A. 
Guild,  F.  N. 


TUCSON. 


ARKANSAS. 


CALIFORNIA. 

OAKLAND. 

Miller,  H.  E. 
Ross,  H.  W. 

ONTARIO. 

Gooch,  G.  W. 

PALO  ALTO. 

Emery,  A.  L. 
Loeser,  R.  M.  (A) 

PASADENA. 

Barlow,  W.  H. 
Behr,  Amo 
Croftan,  A.  C. 
Gaylord,  W.  K. 

PINOLE. 

Quinan,  K.  B. 
Smith,  F.  W. 
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CALIFORNIA,  {continued). 


SAN  FKAKCISCO. 


Best,  Otto 
Burr.  E.  C. 
Curtis,  Marvin 
DeConincki  Frank 
FalkenaUi  Louis 
Green »  F.  T. 
Hanks,  A.  A. 
Martin,  M.  A. 
Michaelis,  Theodore 
Pejrton,  W.  C. 
Wranipelmeier,  T.  J. 
Wulf,  H.  C. 


SANTA  ANA. 


Dunn,  W.  A. 


SANTA  ICARIA. 

Atkinson,  J.  W. 
Norris,  R.  S. 

SBLBY. 

James,  G.  A. 

STANFORD  UNIVERSITY. 

Lenox,  L.  R. 
Olshansen,  Bruno  (A) 
Richardson,  G.  M. 
Stilhnan,  J.  M. 
Young,  S.  W. 

VALLBJO. 

Rippetoe,  J.  J. 


BOULDBR. 

Palmer,  C.  S. 

COI«ORADO  SPRINGS. 

Evans,  W.  L. 

DBNVBR. 

Field,  Chas.,  3rd 
Low,  A.  H. 
Parmelee,  H.  C. 
Pearce,  Richard 


BRIDGBPORT. 

Graves,  G.  H. 

GI^ASTONBURY. 

Hurlburt,  E.  B. 

GRBBNWICH. 

Wakeman,  A.  J. 

HARTFORD. 

Riggs,  R.  B. 
Souther,  Henry 

MIDDI^BTOWN. 

Atwater,  W.  O. 
Bradley,  W.  P. 

NBW  HAVBN. 

Barnes,  Bayard 
Boltwood,  B.  B. 
Browning,  P.  E. 
Campbell,  G.  F. 
Chittenden,  R.  H. 
Gooch,  F.  A. 
Johnson,  S.  W. 


COLORADO. 

I^BADVIIXE. 

Elliott,  E.  C. 
Gallaher,  P.  C. 

OURAY. 

Carr,  L.  B. 

UNIVERSITY  PARK. 

Engle,  W.  D. 


CONNECTICUT. 

NEW  HAVEN  {continued). 

McFarland,  B.  W. 
Mixter,  W.  G. 
Osborne,  T.  B. 
Phelps,  I.  K. 
Smith,  H.  E. 
Wells.  H.  L. 
Wheeler,  H.  L. 
Winton,  A.  L. 

SOUTH  MANCHESTER. 

Cheney,  J.  P. 

SOUTH  NORWAI,K. 

Powell.  T.  H.  (A) 

STAMFORD. 

Getman,  F.  H. 
Williams,  J.  T. 

WALLINGFORD. 

CotUe,  G.  T. 

WESTVILLE. 

Johnson,  T.  B. 
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DELAWARE. 


NBWARK. 


WII^MINGTON. 


Wolf,  T.  R. 


du  Pont,  A.  I.  (A) 
du  Pont,  F.  G. 
Krebs,  H.  J. 


DISTRICT  OP  COLUMBIA. 


BROOKIeAND. 


Holton,  F.  A. 


Deck,  J.  J. 


GBORGSTOWN. 


WASHINGTON. 


Allen,  E.  W. 
Beal,  W.  H. 
Benjamin,  Marcus 
Bigelow,  W.  D. 
B<3ton,  H.  C. 
Byrnes,  E.  A. 
Cameron,  F.  K. 
Chatard,  T.  M. 
Chesnut,  V.  K. 
Clarke,  F.  W. 
Clarke,  Thomas 
Crampton,  C.  A. 
Cutter,  W.  P. 
Day,  D.  T. 

de  Schweinitz,  E.  A.. 
Dewey,  F.  P. 
Dorset,  F.  M. 
Dow,  A.  W. 
Doyle,  A.  M. 
Ely,  C.  R. 
Ely,  G.  S. 
Ewell,  E.  E. 
Fireman,  Peter 
Fischer,  L.  A. 
Georgii,  Max 
Griffin,  J.  H. 
Griffin,  J.  J. 
Griffith,  S.  H. 
Har^grove,  J.  O. 
Haywood,  J.  K. 
Hill,  E.  A. 
Hillebrand,  W.  F. 
Hopkins,  N.  M. 


JACKSONVIi;i,E. 

Sedding,  G.  H.  P. 


WASHINGTON  {continued). 

Jessup,  A.  E. 
Kelly,  D.  J. 
Krug,  W.  H. 
Lans^orthy,  C.  F. 
Littlewood,  J.  B. 
Loew,  Oscar 
Mew,  W.  M. 
Miller,  S.  C. 
Mills,  J.  S. 
Munroe,  C.  E. 
Munson,  L.  S. 
Newton,  E.  S. 
Parker,  C.  L. 
Patrick,  G.  E. 
Portner,  E.  G. 
Runyan,  E.  G. 
Seaman,  W.  H. 
Simons,  F.  D. 
Spencer,  G.  L. 
Steiger,  George 
Stetson,  F.  O. 
Stokes,  H.  N. 
Suter,  Frank 
Tassin,  Wirt 
Townsend,  C.  P. 
Trescot,  T.  C. 
Tucker,  G.  P. 
Van  Dyck,  E.  M. 
Warder,  R.  B. 
Westessan,  J.  P.  L. 
White,  C.  H. 
Whitehead,  Cabell 
Wiley,  H.  W. 
Witherspoon,  T.  A. 
Wolff,  F.  A.,  Jr. 
Workman,  H.  C. 
Yount,  C.  E. 


FLORIDA. 


I«AKB  CITY. 


Blair,  A.  W. 
Miller,  H.  K. 
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ATHENS. 

Herty,  C  H. 
White,  H.  C. 

ATLANTA. 

Emerson,  W.  H. 
Mallory,  J.  H. 
McCandless,  J.  M. 
Payne,  G.  F. 
Yeates,  W.  S. 

AUGUSTA. 

Pitman,  John 

MOSCOW. 

Avery,  Samuel 
Miller,  A.  S. 

AURORA. 

Baxter,  W.  T. 
Thnmauer,  Gustav 
Wickhorst,  M.  H. 

BKRWYN. 

Willey.  O.  G. 

BLOOMINGTON, 

Graham,  R.  O. 

CHAMPAIGN. 

Bevier,  Isabel 
Hopkins,  C.G. 
Koch,  F.  C. 
Palmer,  A.  W. 

CHICAGO. 

Adams,  Maxwell 
Ashby,  Geo.  J.  M.  (A) 
Bach,  August 
Bemhard,  Adolph 
Brown,  W.  B. 
Camell,  W.  C. 
Carr,  R.  F. 
Cay  van,  L.  h. 
Chamberlain,  G.  £. 
Chapman,  D.  W. 
Clement,  Arthur  A. 
Cluff,  C.  B. 
Converse,  W.  A. 
Dains,  F.  B. 
Davidson,  G.  M. 
Drake.  C.  F. 
Ellis,  G.  H. 
Flynn,  O.  R. 
Ford,  A.  P. 
Germer,  J.  W.   (A) 
Grabfield.  J.  P. 


GEORGIA. 

MILI^EDGBVILLE. 

Beeson,  J.  L. 

ROME. 

Graham,  S.  L. 

SAVAlfNAH. 

Tennille,  G.  F. 
Wesson,  David 


IDAHO. 


ILLINOIS. 

CHICAGO  {continued), 

Gudeman,  Edward 
Haines,  W.  S. 
Hoskins,  Wm. 
James,  G.  W. 
Kiehn,  J.  F.  (A) 
Laudig,  O.  O. 
Lengfeld,  Felix 
Linebarger,  C.  E. 
Lloyd,  George 
Long,  J.  H. 
Mackenzie,  J.  K. 
Mahatg,  W*.  S. 
Manns,  A.  G. 
Mason,  F.  P. 
McClement,  W.  T. 
McKenzie,  R«  M. 
Moore,  B.  L. 
Nelson,  E.  K. 
Nelson,  N. 
Patterson,  C.  W. 
Puckner,  "W.  A. 
Root,  W.  W. 
Rudnick,  P.  F.  A. 
Sarles,  E.  H. 
Schoch,  E.  P. 
Smith.  W.  R. 
Summers,  B.  S. 
Swenson,  M. 
Thorbum,  A.  D. 
Tumquist,  C.  M.  (A) 
Vreeland,  C.  D. 
Wagner,  T.  B. 
Waterman,  C.  N. 
Williams,  L.  S. 
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ILLINOIS 

DEBR  PARK  GI^BN. 

Passolt,  H.  A. 

BNGLBWOOD. 

Smith,  A.  L. 

KVANSTON. 

Young,  A.  V.  E. 

GALBSBURG. 

Griffith,  H.  E. 

KBWANBB. 
Sandford,  W.  E. 

MONMOUTH. 

Swan,  J.  N. 

OAK  PARK. 

Smjrth,  G.  A. 

PBKIN. 

Teme,  Bruno 
Wolfe,  J.  v..  Jr. 


AETNA. 

Hall,  Clarence 
Harrington,  E.  M. 

BIXK>MINGTON. 

Lyons,  R.  E. 

GRBBNCASTI^B. 
Baker,  P.  S. 

INDIA  NAPOUS. 

Benton,  G.  W. 
Doan,  Martha 
Hurty,  J.  N. 

AMBS. 

Bennett,  A.  A. 
Weems,  J.  B. 

CBDAR  RAPIDS. 

Barrett,  J.  M. 

DBS  MOINBS. 

Davis,  Floyd 
Macy,  S.  R. 


ARGENTINE. 

CoUey,  B.  T. 
Hatchett,  R.  H. 
Hofmann,  Ottokar 
Koelle,  Carl 
Lippincott,  W.  B. 


(continued). 

PEORIA. 

Breyer,  Theodor 
Teeter,  C.  W. 
Wil§on,  H.  T. 

PERU. 
Lihme,  C.  B. 

ROCKPORD. 

Mommers,  Richard 
Sovereign,  C.  L. 

URBAN A. 

Grindley,  H.  S. 
Parr,  S.  W. 

WAUKEGAN. 

Hibbard,  P.  L. 

WEST  PUI^LMAN, 
Woods,  R.  M. 


INDIANA. 

LAFAYETTE. 

Conner,  S.  D. 
Huston,  H.  A. 
Jones,  W.  J.,  Jr. 

Stone,  W.  E. 

MUNCIE. 

Dickson,  J.  C. 

TERRE  HAUTE. 
Noyes,  W.  A. 
Warren,  R.  C.  (A) 

IOWA. 

IOWA  CITY. 

Andrews,  L.  W. 

SIOUX  CIT\'. 

Becher,  J.  B. 
Duryea,  C.  B. 

STUART. 

Treat,  J.  A. 


KANSAS. 


ATCHISON. 


Knerr,  E.  B. 


BAI^DWIN. 


Bauer,  Wm.  C. 
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I^WRSNCB. 

Bailey,  £.  H.  S. 
Bartow,  Bdward 
Blake,  L.  I. 
Franklin,  £.  C. 


FORT  THOMAS. 

Reiser,  Marshall  (A) 

LEXINGTON. 

Kastle,  J.  H. 
Peter,  A.  M. 
Scovell,  M.  A. 

UOVISVILLZ. 

Burk,  W.  E. 
Palmer,  Chase 


BATON  ROUGB. 

Coates,  C.  E.,  Jr. 

CAI^HOUN. 

Bird,  Maurice 

JACKSON. 

Sullivan,  J.  M. 

KBACHIB. 

Thigpen,  J.  H. 


KANSAS  (continued), 

Willard,  J.  T. 

OTTAWA. 

Yates,  J.  A. 
KENTUCKY. 

MIDDI^BSBOROUGH. 

Sanderson,  John 

NEWPORT. 

Hayes-Camphell,  J. 


BANGOR. 

Hamlin,  Addison 

BATH. 

Sawyer,  H.  B. 

CUMBERI«AND  MII«LS. 

Gabriel,  G.  A. 

GREAT  WORKS. 

Larchar,  A.  B. 
Wentworth,  W.  V. 


BALTIMORE. 

Abel,  J.  J. 
Blackshear,  C.  C. 
Browne,  A.  L. 
Case,  W.A. 
Dohme,  A.  R.  L. 
Gascoyne,  W.  J. 
Glaser,  Chas. 


LOUISIANA. 

LULING  P.  O. 

Becnel,  L.  A. 

NEW  ORLEANS. 

Blouin,  R.  E. 
Eustis,  A.  C. 
Goodrich,  A.  L. 
Johnson,  F.  C. 
Taylor,  H.  W. 

PATTERSON. 
Edson,  Hubert 

MAINE. 

ORONO. 

Aubert,  A.  B. 
Rogers,  Allen 

PORTLAND. 

Yeaton,  A.  C. 

SOUTH  GARDINER. 

Martin,  Henry 

WEST  PARIS. 

Moore,  H.  K. 

MARYLAND. 

BALTIMORE  (continued). 

Glenn,  Wm. 
Hershey,  A.  N. 
Hillyer,  W.  E. 
Homnann,  P.  C. 
Johns,  John 
Keller,  Edward 
Lehmann,  G.  W. 
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MARYLAND  (continued). 


BAi^TiMORB  (continued). 

Pennimati,  W.  B.  D. 
Remsen,  Ira 
Simmons,  W.  W. 
Simon,  Wm. 
Van  Gundy,  C.  P. 

BERWYN. 

Chace,  E.  M. 

COI«LBGB  PARK. 

McDonnell,  H.  B. 
Patterson,  H.  J. 
Skinner,  Wm.  W. 
Veitch,  F.  P. 


INDIAN  HBAD. 

Kniffen,  Frederick 

MT.  WASHINGTON. 

Whitehead,  R.  L. 

SPARROWS  POINT. 

Lyons,  P.  D. 
Randall,  N.  M. 


MASSACHUSETTS. 


ADAMS. 
Busby,  F.  E. 

AMHERST. 

Goessmann,  C.  A. 
Haskins,  H.  D. 
Hopkins,  A.  J. 
Liudsey,  J.  B. 
Wellington,  Charles 

ANDOVER. 

Hill,  H.  H. 
Ripley,  P.  F. 

ARLINGTON. 

Frost,  H.  V. 

AUBURNDAI,E. 

Norton,  A.  P. 

BOSTON. 

Atteaux,  F.  E.  (A) 
Atwood,  F.  W. 
Babb,  E.  E. 
Baird,  J.  W. 
Bardwell,  F.  L. 
Bennett,  F.  W. 
Billings,  E.  F. 
Blanchard,  A.  A. 
Camiichael,  Henry 
Chapin,  L.  P. 
Clapp,  E.  H,  (A) 
Clark,  H.  W. 
Coburn,  D.  L. 
Cochrane,  Hugh  (A) 
Cowen,  G.  A. 
Crafts,  J.  M. 
Davenport,  B.  F. 
Durfee,  W.  C. 
Durkee,  W.  C. 
Eyster,  G.  S. 


BOSTON  (continued). 

Fay,  Henry 
Forbes,  F.  B. 
Gagnebin,  C.  L.  (A) 
Gill,  A.  H. 
Glaesel,  Theodore 
Green,  E.  H. 
Hall,  A.  W.  (A) 
Hall,  W.  T. 
Herrick,  R.  F. 
Hills,  W.  B. 
Holmes,  V.  F.  (A) 
Hopkins,  Erastus 
Horsford,  R.  F. 
Howard,  A.  P.  (A) 
Howe,  C.  A.  (A) 
Howe,  E.  P. 
James,  L.  S. 
Jenkins,  C.  D. 
Knight,  G.  W.  (A) 
Lanzendoerfer,  George 
Leach,  A.  E. 
Little,  A.  D. 
Lockwood.  R.  G. 
Lythgoe,  H.  C. 
Means,  R.  F. 
Miles,  G.  W.,  Jr. 
Moore,  F.  J. 
MuUiken,  S.  P. 
Norris,  J.  F. 
Noyes,  A.  A. 
Nve,  W.  B. 
Ptelan,  J.  W. 
Pickert,  L.  W. 
Pope,  T.  E. 
Pope,  W.  C.  (A) 
Pratt,  G.  H. 
Prescott,  S.  C. 
Redpath,  L.  W. 
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MASSACHUSETTS  {continued). 


BoSTOK  (continued). 

Richards,  £.  H. 
Richards,  R.  H. 
Rosen  twist,  B.  G.  A. 
Russell,  L.  K. 
Scudder,  Heyward 
Seidensticker,  I*.  J. 
Sharpies,  P.  P. 
Sharpies,  S.  P. 
Sherman,  G.  W. 
Smith,  J.  W. 
Talbot,  H.  P. 
Thompson,  J.  H.  (A) 
Thorp,  F.  H. 
Thorpe,  E.  E. 
Treiber,  C.  (A) 
TumbuU.  Arthur  (A) 
Walker,  W.  H. 
Wason,  R.  S. 
Weston,  R.  S. 
Whitnev,  W.  R. 
Wilder,  S.  W.,  Jr. 
Williams,  H.  J. 
Williams,  R.  P. 
Wood,  E.  S. 
Woodman,  A.  G. 

BRIGHTON. 

Hapjfood,  C.  W. 

BROOKUNE. 

Howard,  Henry 
Lee.  J.  C. 
Swan,  C.  M. 

CAMBRIDGE. 

Behr,  G.  E.,  Jr. 
Black,  O.  F. 
Bonnet,  Frederic,  Tr. 
Coggeshall,  G.  W.* 
Comey,  A.  M. 
Earle,  R.  B. 
Hill,  H.  B. 
Jackson,  C.  L. 
Mellen,  E.  D. 
Merigold,  B.  S. 
Parker,  H.  N. 
Phinney,  J.  I. 
Richards,  T.  W. 
Rolfe,  G.  W. 
Sanger,  C.  R. 
Webb.  E.  H.  (A) 
Williams,  S.  E. 

CAMBRIDGBFORT. 

Baldwin,  C.  E. 
Loveland,  J.  W. 
Price,  R.  B. 


CANTON. 

Lustig,  A.  L. 

CHARI.ESTOWN. 
Farwell,  S.  A. 

CHELSEA. 
Butler,  W.  F.  (A) 

EAST  BOSTON. 

Le  Bosquet,  Maurice 

BAST  BRIDOKWATER. 

Smith,  H.  T. 

EVERETT. 

Cochrane,  A.  L. 
Olsson.  Gustaf 
Stantial,  F.  G. 

PELLS. 

Piper,  W .  E. 

FITCH  BURG. 

Holman,  G.  M. 

GREENDALE. 

Sweetser,  R.  C. 

HOLYOKE. 

Downey,  J.  E. 

HYBE  PARK. 

Perkins,  A.  S. 

LAWRENCE. 

Alden,  John 
Beach,  I.  E. 
Collins,  J.  A.,  Jr. 
Gage,  S.  DeM. 
Greenwood.  H.  D. 
Livermore,  W.  D. 
Moran,  G.  A. 
Russell,  G.  F.  (A) 

LITTLETON. 

Claflin,  A.  A. 
Weld,  F.  C. 

LOWELL. 

Ames,  G.  E.  (A) 
Atwood,  W.  P. 
Butler,  Paul  (A) 
Cobum,  A.  S. 
Hobbs,  A.  F.  (A) 
Irish,  C.  W. 
Jenkins,  E.  D. 
Newell.  L.  C. 
Olney,  L.  A. 
Spencer,  G.  C. 

LYNN. 

Darke,  J.  M.  (A) 
Tucker,  C.  W. 


63 


MASSACHUSETTS  (continue). 


MALDEN. 

Hill,  W.  G..  Jr. 
Rickards,  B.  R.  (A) 
Wakefield,  F.  P. 

MBI.ROSB. 

Holdeti,  E.  F. 

MBLROSB  HIGHLANDS. 

Pickering,  O.  W. 

NEW  BEDFORD. 

Allen,  C.  R. 
Allen,  W.  S. 
Ashley,  H.  E. 

NBWBURYPORT. 

Coffin,  E.  F.  (A) 
Thompson,  M.  S. 

NEWTON  HIGHLANDS. 

HoUis,  F.  S. 

NORTH  ADAMS. 

Lichtenstein,  A.  F. 

NORTHAMPTON. 

Stoddard,  J.  T. 

NORTH  ANDOVER. 

Ban  nan,  J.  F. 

NORTH  CAMBRIDGE. 

Adams,  Isaac 
Adams,  W.  O. 

NORTH  WEYMOUTH. 

Bates,  H.  R. 
Benson,  D.  H. 

NORTH  WOBURN. 

Walls,  A.  W. 

PBABODY. 

Underwood,  G.  R. 

ROSLINDALB. 
Watkins,  W.  H. 

ROXBURY. 

Mork,  H.  S. 
Rosenberg,  M.  A. 
White,  L.  B. 

SALBM. 
Goodhue,  L.  H. 


SOMBRVILLB. 
Kendall,  A.  I.  (A) 

SOUTH  BOSTON. 

Bassett,  G.  O. 
Pray,  D.  M.  (A) 
Sawyer,  H.  E. 

SOUTH  BRAINTREB. 
Pitkin,  C.  A. 

STONEHAM. 

Patch,  E.  L. 

^  SWAMPSCOTT. 

Thomson,  Elihu 

WALTHAM. 

Smith,  A.  C. 

WATERTOWN. 

Priest,  G.  W. 
Weston,  D.  B. 

WELLESLEY. 
Bragg,  C.  A. 
Jackson,  Florence 
Roberts,  C.  F. 

WILLI  AMSTOWN. 

Mears,  Leverett 

WOBURN. 

Dickerman,  J.  C. 

WOLLASTON. 

Kenney,  C.  B. 

WORCESTER. 

Buffington,  E.  L. 
Desper,  E.  W. 
Dunlap,  F.  L. 
Eddy,  H.  P. 
Given,  Arthur 
Jennings,  W.  L. 
Kinnicutt,  L.  P. 
Marble,  J.  R.  (A) 
Moore,  G.  D. 
O'Regan,  D.  F. 
Perry,  J.  H. 
Small,  F.  H. 
Smith,  E.  L. 
Snyder,  W.  H. 
Trotz,  J.  O.  E. 


MICHIGAN. 


AGRICULTURAL  COLLEGE. 

Kedzie,  R.  C. 

ALMA. 

Jessurun,  David 


ANN  ARBOR. 


Allen,  L,.  E.  (A) 
Bigelow.  S.  L. 
Campbell,  E.  D. 
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MICHIGAN  (continued). 
ANN  ARBOR  (continued),  Detroit  (continued). 


Freer,  P.  C. 
Gomberg,  M. 
Hulett,  G.  A. 
Johnson,  O.  C. 
Prescott,  A.  B. 
Stevens,  A.  B. 
Sullivan,  £.  C. 
Trowbridge,  P.  F. 
White.  A.  H. 

CARO. 

DavoU,  D.  L. 

COLDWATBR. 

Brown,  H.  E. 
Gerlach,  Oscar 
Post,  F.  I. 

DBARBORN. 

Duffield,  S.  P. 

DETROIT. 

Camian,  J.  S. 
Diehl,  O.  C. 
Edgar,  C.  G. 
Foster,  A.  D.  (A) 
Francis,  J.  M. 
Frazee,  F.  H. 
Knapp,  R.  E. 
Knox.  J.  W.  T. 
Leach,  M.  F. 
Shattuck,  A.  F. 
Sherrard,  C.  C. 

HASTINGS. 
Kunze,  W.  F. 

HIBBING. 

Lerch,  Fred. 

LITCHFIEI*D. 
Anderson,  C.  A.  (A) 

MINNEAPOWS. 

Appleby,  W.  R. 
Carel,  H.  C. 
Drew,  C.  W. 
Frankforter,  G.  B. 
Glasoe,  P.  M. 
Meeds,  A.  D. 
Nicholson,  E.  E. 


AGRICUI^TURAI*  COI.I,EGE. 
Hand,  W.  F. 

CUNTON. 

Provine,  J.  W. 


Sundstrom,  Carl 
Tibbals,  W.  I. 
Ware,  E.  J. 

IRON  MOUNTAIN. 

Brewster,  E.  E. 
Hardenbux^h,  L.  M. 

KALAMAZOO. 

Hartman,  W.  E. 
Tenks,  S.  G. 
Todd.  A.  M. 

LANSING. 

Doolittle,  R.  E. 
Hess,  W.  H. 
Kedzie,  F.  S. 

MIDLAND. 

Dow,  H.  H. 

SOUTH  LAKE  LINDEN. 

Heath,  G.  L. 

TRENTON. 

Button,  Ok 
Sundstrom,  K.  J. 

UNION  CITY. 

Lundteigen,  Andreas 
Willard,  H.  H.  (A) 

YPSILANTI. 

Peet,  B.  W. 

MINNESOTA. 

MINNEAPOLIS  (continued), 

Roberts,  W.  H. 
Sidener,  C.  F. 
Van  Cleve,  C.  E. 
Wulling,  F.  J. 

MOUNT  IRON. 

Maury,  G.  P. 

NORTHFIELD. 

Metcalf,  W.  V. 

ST.  ANTHONY  PARK. 

Snyder,  Harry 

ST.  PAUL. 

Hummel,  J.  A. 
Julian,  Frank 

MISSISSIPPI. 

UNIVERSITY. 

Jones,  R.  W. 

WATER    VALLEY. 

Parks,  R.  M. 
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ASHBURN. 

Riederer,  E.  J. 

COLUMBIA. 

Brown,  W.  G. 
Cady,  W.  B. 
Calvert,  Sidney 

JOPUN. 

Cleveland,  W.  P. 
Mixer,  C.  T. 

KANSAS  CITY. 

Irwin,  ISt.  P. 
Miller,  A.  R. 
Moecbel,  J.  R. 


ANACONDA. 

Bellam,  H.  L. 
Cairns,  F.  I. 
HofE,  Karl 
Smith,  B.  A. 
Terry,  J.  P. 
Wilkinson,  T.  K. 

BELT. 
Thomas,  W.  S. 

BOZEMAN. 

Burke,  Edmund  (A) 
Cobleigh,  W.  M. 
Cockrill,  Irvin 
Reese,  H.  J.  (A) 
Shaw,  W.  T. 
Spragg,  F.  A.  (A) 
Traphagen,  F.  W. 


CRETE. 

Banghart,  E.  D. 

LINCOLN. 

Beans,  H.  T. 
Bouton,  Rosa 
Fossler,  M.  h. 
Gere,  M.  C. 
Hiltner,  M.  E. 
Hiltner,  R.  S. 
Lyon,  T.  L. 
Nicholson,  H.  H. 
Nikaido,  Y. 


ST.  LOUIS. 
Schocn,  Joseph 
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MISSOURI. 

KANSAS  CITY  (continued), 

Nathan,  A.  F.,  Jr. 
Nishkian,  P.  F. 
Van  Brunt,  Charles 

ST.  LOUIS. 

Arnold,  F.  N.,  Jr. 
Chauvenet,  W.  M. 
Frerichs,  F.  W. 
Getz,  W.  H. 
Hunicke,  H.  A. 
Keiser  E.  H. 
Mallinckiodt,  Edward  (A) 

Nickel,  H.  L. 
Whittier,  C.  T. 

MONTANA. 

BUTTE. 

Clark,  Clara  (A) 
Smolt,  F.  O. 

GILT  EDGE. 

Shaw,  H.  I. 

GOULD. 

Harsh,  S.  A. 

HELENA. 

Starz,  Emil 

MARYSVILLE. 

Sharwood,  W.  J. 

VIRGINIA  CITY. 
Caldwell,  T.  O. 


NEBRASKA. 

LINCOLN  (continued). 

Thatcher,  R.  W. 
White,  John 

OMAHA. 

Jones,  L.  J.  W. 
Robinson,  W.  S. 

UNIVERSITY  PLACE. 

Alway,  F.  J. 

WAVERLY. 

Riddell,  D.  F. 
NEVADA. 

VIRGINIA  CITY. 

Fielding,  F.  E. 
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CONOOaD. 

Cwt,  J.  M. 
Sears,  P.  E. 

DOVBK. 

Duckworth,  H.  S. 

DURHAM. 

Uzell,  E.  W. 
Morse,  P.  W. 
Parsons,  C.  L. 

BXBimR. 

White,  G.  R. 

AMPteB. 

Jacobs,  C.  B. 

BAYONNB. 

Wadman,  W.  E. 

BBIJ«BVItI«B. 

Pleck,  Herman 
Simon,  S.  E. 

Cornelison,  R.  W. 

CAMDBN. 

Boyer,  C.  S. 
Skinner,  H.J. 
Tufts,  J.  L.  (A) 

DOVBR. 

Penniman,  R.  S. 

BAST  ORANpB. 

Aylsworth,  J.  W. 
Williams,  S.  W. 

BDGBWATBR. 

Motion,  John 

BIflZABBTH. 

Bailey,  R.  W. 
Gustin,  G.  H. 
Luster,  H.  A. 
Smith,  P.  J. 
Smoot,  A.  M. 
Thomson,  M.  }. 

BNGLBWOOD. 
Grosvenor,  W.  M.,  Jr. 

GIrOUCBSTBR  CITY. 
Miner,  H.  S.- 

HACKBNSACK. 

Krause,  O.  H. 

HIGH  BRIDGB. 

Le  Boutillier,  Clement 


NEW  HAMPSHIRE. 

Bartlett,  E.  J. 
Ellis,  Carleton  (A) 


Robbins,  W.  K. 
Schaeffer,  Henri 

PORTSMOUTH. 

Moat,  C.  P. 


NEW  JERSEY. 

HOBOKBir. 

Geyer,  W.  E. 

Morton,  Henry 
Sieker,  P.  A. 
Stillman,  T.  B. 

HOHOKUS. 

Annison,  P.  G.  (A) 
May,  G.  H. 
Terheun,  P.  O.  (A) 
Wynkoop,  Gillett 

JBRSBY  CITY. 

Burleigh,  W.  P. 
Hale.  P.  M. 
Herrick,  W.  H. 
McKelvey,  J.  W. 
Nieae,  H.  E. 
Steams,  T.  C. 
Sticht,  G.  A.  H. 
Taylor,  D.  W. 
Tompkins,  Vreeland 

Harris,  E.  P. 

MAURER. 

AUer,  P.  D. 

MIIJ«VII.I«S. 

Barton,  G.  E. 

MONTCLAIR. 

Crane,  Pred. 

NEWARK. 

Baldwin,  H.  B. 
Bassett,  W.  H. 
Cawley,  John 
Colby,  E.  A. 
Gibson,  H.  W. 
Hewson,  J.  H. 
Pomeroy,  C.  T. 
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NEW  JERSEY  {continued). 


NEWARK  (continued). 

Seher,  August 
Starr,  H.  F. 
Thurlow,  Nathaniel 
Van  Ingen,  D.  A. 
"Wiener,  William 

NEW  BRUNSWICK. 

Cathcart,  C.  S. 
Chester,  A.  H. 
Cook,  R.  A. 
Morgan,  }.  L.  R. 
Myers,  W.  S. 
Si)eyers,  C.  L. 
Street,  J.  P. 
Voorhees,  E.  B. 
Voorhees,  L.  A. 

N£W  DURHAM. 

Fuelling,  J.  L. 

OAKLAND. 

Borland,  C.  R. 
Hawkins,  Henry 
Willcox,  F.  A. 

ORANGE. 

Parker,  C.  E. 
Vanderpoel,  Frank 

PASSAIC. 

Hall,  E.  J. 
Lee,  Waldemar 

PATERSON. 

Grania,  Rafael 
Haign,  Frederic 
Hunziker,  Aug. 
Reinus,  Bemhard 

PEMBERTON. 

Saltar,  J.  C. 


SOCORRO. 

Phalen,  W.  C. 

ALBANY. 

Dederick,  P.  K.,  Jr.  (A) 
Michaelis,  Gustavus 
Tucker,  W.  G. 
Waldman,  Iv.  I.  (A) 
Wheeler,  E.  J. 

BINGUAMTON. 

Dustin,  G.  K. 


PERTH  AMBOY. 

Fad6,  Louis 
Knorr,  A.  E. 

POMPTON  LAKES. 

Baker,  Theodore 
Pitman,  J.  R. 

PRINCETON. 

McCay,  L.  W. 
Neher,  F. 

RIDGEWOOD. 

Briggs,  T.  L. 

ROSELLE. 
Joiiet,  C.  H. 

RUSTIC. 
Van  Gelder,  A.  P. 

RUTHERFORD. 
Van  Riper,  G.  B. 

SHORT  HILLS. 

Axtell,  F.  C. 

SOMERVILLE. 
Wigfall,  E.  N. 

SOUTH  AMBOY. 

Bumside,  C.  F. 
Summey,  A.  E.  (A) 

SUMMIT. 

Riggs,  G.  W. 
Merriam,  H.  F. 

TRENTON. 

Mumper,  W.  N. 

WOODBINE. 

Lipman,  J.  G. 


NEW  MEXICO. 


NEW  YORK. 


BROOKLYN. 

Allen,  C.  M. 
Baker,  H.  M. 
Bartley,  E.  H. 
Beck,  O.  C. 
Bird,  H.  S. 
Booraem,  J.  V.  V. 
Bruckmann,  G.  T. 
Bunker,  H.  A.  (A) 
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NEW  YORK  {continued). 


BROOKi«YN  {continued) 

Casamajor,  Walter 
Comtniskey,  A.  P. 
Condit.  L.  C.  (A) 
Cook,  C.  G. 
Cutts,  H.  E. 
Davidson,  G.  H.  (A) 
Deghu^e,  J.  A. 
Doerflinger,  W.  F. 
Eccles,  D.  C.  (A) 
Eccles,  R.  G. 
Enequist,  John 
Fay,  I.  W. 
Fitz-Randolph,  R.  B. 
Gallivan,  F.  B. 
Goldschmidt,  S.  A. 
Goodenough,  R.  J.  (A) 
Hale,  A.  C. 
Hancock,  W.  J. 
Haslwanter,  Charles  (A) 
Heidenhain,  H. 
Hero,  Ann 
Herreshoff,  J.  B.  F. 
Hodgson,  E.  H. 
Hyde,  F.  S. 
Jackson,  D.  D. 
Keator,  C.  E. 
Kendall,  E.  D. 
Kent,  W.  H. 
King,  F.  T. 
Lawler,  C.  J. 
Levison,  W.  G. 
Mangan,  D.  C. 
Mathews,  J.  A. 
Maywald,  F.  J. 
McGeorge,  Arthur 
Miller,  P.  S. 
Millwood,  J.  P. 
Parsons,  C.  C. 
Peckham,  S.  F. 
Pierson,  W.  C. 
Perkins,  T.  S. 
Schaak,  M.  F. 
Schedler,  R.  W. 
Schiller,  L.  J. 
Seldner,  Rudolph 
Share,  W.  W. 
Shilstone,  H.  M.  (A) 
Squibb,  E.  R. 
Stocker,  J.  H. 
Van  Slooten,  Wm. 
Volckening,  G.  J. 
von  Egloffstein,  C. 
Walker,  H.  V. 
Weed,  H.  T. 
Whipple,  G.  C. 


BUFF  AW). 

Carpenter,  T.  B. 
Denham,  H.  H. 
Herger,  C.  G. 
HiU,  H.  M. 
Miller,  J.  A. 
Sy,  A.  P. 
Wing,  H.  H. 

CENTER  MORICHES. 

Masury,  J.  W.  (A) 

CLIKTON. 

Higbee,  H.  H. 

COLLEGE  POINT. 
Edgerly,  D.  W.' 

FAR  ROCKAWAY. 

Ackerman,  F.  W. 

FLUSHING. 

Clark,  Edmund 
Ferguson,  W.  C. 
Goodridge,  E.  A.  (A.) 
Ward,  D.  W. 

GARDEN  CITY. 

Ekeley,  J.  B. 
Hewitt,  E.  R. 

GENEVA. 

Cook,  A.  D. 
Fuller,  F.  D. 
Hart,  E.  B. 
Le  Clerc,  J.  A, 
Mudge,  C.  W. 
Van  Slyke,  L.  L. 

GLENS  FALLS. 

De  Roode,  Rudolf 
Dixon,  J.  B. 
Kendall,  R.  E. 

GREEN  ISLAND. 

Wachter,  L-  M. 

HAMBURG. 

Divine,  R.  E. 

HAMILTON. 

McGregory,  J.  F. 

HART  PARK. 

Allen,  R.  F. 

HASTI NGS-ON-HUDSON. 
Gotthelf,  A.  H. 
Zinsser,  F.  G. 

HULETT*S  LANDING. 

Peters,  Andrew 
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N  MOUNTAIN. 

aes 

MANLIUS. 
MBCHANICSVII^I^E. 

Griffin,  M.  L. 

MOUNT  VERNON. 

Blacktnore,  H.  S. 

NBPBRA  PARK. 

Baekeland,  Leo 

NEW  YORK  CITY. 

Adriance,  J.  S. 
Alexander,  Jerome 
Allison,  W.  O.  (A) 
Alsop,  W.  K. 
Amend,  B.  G. 
Amend,  O.  P. 
Ansbacher,  L.  A. 
Arnott,  G.  W.  C. 
Austen,  P.  T. 


NEW  YORK  CITY  {continued), 

Baer,  S.  H. 
Berry,  W.  G. 
'•rtelli,  R. 
hoff.  Ernst 
♦.  M.  T. 
'.  K. 
Samuel 
eopold 
(A) 


as 

A, 
aery,  J.  L. 
.-rson,  E.  N. 
I'emus,  C.  A. 
^oscher,  IJenry 
Drummond,  I.  W. 
Dunham,  E.  K. 
Du  Vivier,  E.  H. 
Eimer.  August 
Elliott,  A.  H. 
Ellsworth,  Wm.  (A) 
Emmens,  S.  H. 
Endemann,  Hermann 
Ferguson,  G.  A. 
Fisher,  Henry 
Fite,  C.  C.  (A) 
Frank.  J.  W. 
Fries,  H.  H. 
Fuller,  G.  W. 
Garrigues,  W.  E. 
Geisler,  J.  F. 
Giddings,  H.  DeW. 
Gies,  W.  J. 
Godley,  G.  McM. 
Goldman,  A. 
Goldstein,  Harris  (A) 
Goodell,  G.  A. 
Gruenberg,  B.  C. 
Haigh,  D.  L. 
Hall,  R.  W. 
Hallock,  A.  P. 
Hartford,  James 
Havemeyer,  H.  O. 
Havens,  F.  S. 
Haynes,  D.  O. 
Hazen,  Allen 
Hesse,  B.  C. 
Hicks,  E.  F. 
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NEW  \ORK  {continued). 


NSW  YORK  CITY  (continued), 

Hinckley,  J.  F. 
Homer,  C.  S.,  Jr. 
Huntington,  Harwood 
Huntington,  S.  V.  V.  (A) 
Hyde,  H.  St.  T . 
Johnson,  £.  P. 
Johnson,  G.  A. 
Jones,  W.  A. 
Kiessig.  C.  H.  (A) 
Kinsley,  W.J.  (A) 
KirchgBSser,  W.  C. 
Klein,  O.  H. 
Kneeland,  P.  R. 
Kruskal,  Nicholas 
Kuttroff,  Adolph  (A) 
]>gai,  G. 
Lamar,  W.  R. 
Lambom,  L.  Ir. 
Langmuir,  A.  C. 
LeCT(6ar,  Thomas 
Lederle,  E.  J. 
Ledoux,  A.  R. 
Levene,  P.  A. 
Levine,  E.  J. 
Loeb,  Morris 
Loomis,  Horatio 
Loos,  H.  A. 
Love,  E.  G. 
Macdowell,  W.  P. 
Maitland,  Alex.  (A) 
Matheson,  W.  J. 
Matthiessen,  P.  O.  (A) 
McDowell,  A.  H. 
Mcllhiney,  P.  C. 
Mcintosh,  Douglas 
McKenna,  C.  P. 
McLoughlin,  Chas. 
McMurtrie,  Wm. 
Mehrbach,  Wm.  (A) 
Merz,  Henry  (A) 
Meyer,  G.  M. 
Meyer,  Max 
Miller,  E.  H. 
Moody,  H.  R. 
Moore,  R.  W. 
Munsell,  C.  E. 
Myers,  J.  A. 
Neiman,  H.  S. 
Neustadt,  G.  M.  S. 
Newman,  J.  W. 
Nichols,  W.  H. 
Oakes,  P.  J.  (A) 
Orth,  A. 
Parker,  T.  J. 


NEW  YORK  CITY  {continued). 

Parmelee,  C.  W. 
Peek,  R.  L. 
Pellew,  C.  E. 
Pfeiffer,  C.  H.  (A) 
Phillips,  W.  D. 
Pitkin,  Lucius 
Poole,  Herman 
Prentice,  W.  P.  (A) 
Pretzfeld,  C.J.  (A) 
Prochazka,  G.  A. 
Prochazka,  John 
Ren  wick,  E.  S.  (A) 
Reubens,  C.  M.  (A) 
Reuter,  L.  H. 
Rice,  Charles 
Richards,  Edgar 
Ricketts,  P.  de  P. 
Riggs,  L.  W. 
Robeson,  A.  M.  (A) 
Roeser,  Frederick 
Rosell.  C.  A.  O. 
Rossi,  A.  J. 
Ruhl,  Louis  (A) 
Saarbach,  Ludwig 
Scheel.  W.  H.  (A) 
Scherr,  E.  W.,  Jr. 
Schieffelin,  W.  J. 
Schimpf,  H.  W. 
Schnierwind,  P. 
Schroeder,  Edward 
Schiipphaus,  R.  C. 
Schweitzer,  Hugo 
Sherman,  H.  C. 
Sloane,  T.  O'C. 
Smith,  Burnett  (A) 
Smith,  E.  E. 
Sohon,  M.  D. 
Soper,  G.  A. 
Stebbins,  J.  H.,  Jr. 
Steenken,  J.  C.  (A) 
Stem,  Heinrich 
Stillwell,  C.  M. 
Stone,  G.  C. 
Stiircke,  H.  E. 
Stursberg,  J.  A.  (A) 
Sutro,  H.  H. 
Takamine,  Jokichi 
Taylor,  S.  P. 
Thatcher,  C.  J. 
Tiffany,  W.  C. 
Toch,  M. 

Trowbridge,  M.  L. 
Trubek,  Moses 
Tucker,  S.  A. 
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NEW  YORK  (toniinued). 
NBW  YORK  CITY  (continued),  schenbctady 


Tnckerman,  Alfred  (A) 
Uhlig,  E.  C. 
Volney,  C.  W. 
Von  Herff,  B. 
VuW,  H.  T. 
Wainwright,  J.  H. 
Waldstein,  M.  E. 
Waller.  Elwyn 
Watters,  L.  L. 
Wells,  J.  S.  C. 
Welt,  Ida 
Whitaker,  M.  C. 
Wiechmann,  F.  G. 
Wilkens,  H.  A.  J. 
Williamson,  G.  N. 
Witthaus,  R.  A. 
Woodcock,  R.  G. 
Woodman,  Durand 
Wyatt,  Francis 
Yocum,  J.  H. 
Youmans,  W.  J. 
Zimmele,  H.  B. 

NIAGARA  PALI«S. 

Doggett,  C.  S. 
Escher,  Paul 

OSWEGO. 

Kingsford,  T.  P. 

POUGHKBEPSIB. 

Harris,  I.  G. 
Moulton,  C.  W. 

RICHMOND  HII«I«. 

Mar,  F.  W. 

ROCHESTER. 

Davison,  J.  M. 

Gallup,  H.  T. 

Lattimore,  S.  A. 

Wyckoff,  G.  H. 

^  NORTH  CAROLINA. 


Kessler,  J.  J.,  Jr. 

SYRACUSE. 

Adgate,  Matthew 
Atwater,  R.  M. 
Hazard,  F.  R. 
Johnson,  E.  S. 
Pattee,  E.  N. 
Pennock,  J.  D. 
Smith,  H.  M. 
Spieler,  A.  J. 

TOTTBNVIZXB. 

Hubbard,  G.  C.  (A) 

TROY. 

Coutie,  Wm. 
Mason,  W.  P. 
Mittenzwey,  Otto 
Touceda,  Enrique 

UTICA. 

Hodges,  G.  C. 

WATERFORD. 

Piatt,  E.  S. 

WATERTOWN. 

Schuyler,  E.  H. 

WEST  AI^BANY. 

Voorhees,  S.  S. 

WHITESTONE. 

Senff,  C.  H.  (A) 

YONKERS. 

Habirshaw,  W.  M. 
Home,  W.  D. 


ASHEVII,I.E. 

Fell,  J.  Wm. 
Moale,  P.  R. 

CHAPEL  HILI*. 

Baskerville,  Charles 
Howell,  E.  V. 
Mills,  J.  E. 
Pratt,  J.  H. 
Venable,  F.  P. 

CHARLOTTE. 

Hanna,  G.  B. 


DAVIDSON. 

Martin,  W.  J.,  Jr. 

DURHAM. 

Pegram,  W.  H. 

HICKORY. 

Murrill,  P.  I. 

RALEIGH. 

Asbury,  S.  E. 
Bizzell,  J.  A. 
Harris,  C.  D. 
Haywood,  W.  G. 
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NORTH  CAROLINA  {continued), 

%K\xiQ>u  (continued),  waslu  voumst. 

Kilpre,  B.  W.  Brewer,  C.  E. 

Pickel,  J.  M.  WII^MINGTON. 

Syme,  W.  A.  t    ^t        r^  -u^  % 

Williams,  C.  B.  Ludlow.  Gabnel 

Withers,  W.  A. 

NORTH  DAKOTA. 

FARGO. 

Ladd,  E.  F. 

OHIO. 


BBLLBPONTAINB. 

Butler,  R.  H.  (A) 

CHIIXICOTHB. 

Watson,  E.  T. 

CINCINNATI. 

Baker.  D.  H.  (A) 
Baringer,  F.  J. 
Berghausen,  E.  J. 
Berghausen.  Oscar  f  A) 
Campbell,  Archibala 
Corse,  W.  M. 
Crane,  W.  H. 
Dieckmann,  Otto 
Eichberg,  J.  H. 
Ellras,  J.  W. 
Evans,  Thomas 
Feid,  G.  F. 
Fennel,  C.  T.  P. 
Finke,  A.  H.  (A) 
Fogetti,  Lucien 
Foote,  H.  B. 
Hanson,  C.  A. 
Harper,  C.  A. 
Hawkins.  C.  C.  (A) 
Hochstetter,  R.  W. 
Homburg,  Fred. 
Jones.  A.  O. 
Joslin,  C.  E. 
Lloyd,  J.  U. 
Martin.  O.  W. 
Meader,  A.  L.  (A) 
Merrell,  C.  G. 
Mihalovitch,  S.  F.  (A) 
Morton,  Cora 
Newman,  H.  E. 
Norton,  T.  H. 
Ogilvv,  D.  J. 
Pilhashv,  B.  M. 
Porter,  J.  J.  (A) 
Proctor,  R.  W. 
Pugh,  A.  H. 

♦  (Hon.)  --=  Honorary  Member. 


CINCINNATI  {continued), 

Ritchey,  J.  W. 
Schmidt,  Louis 
Shepherd.  F.  I. 
Simonson,  Wm. 
Springer,  Alfred 
Stadermann,  A.  L.  (A) 
Stephens,  W.  B. 
Stem,  David 
Stierlin,  E.  (A) 
Teasdale,  W.  S.  (A) 
Waldbott,  Sigmund 
Weber.  Everhard 
Weissmann,  F.  W. 
Werk,  Louis 
Wessling,  H.  L. 
Westenfelder,  B.  D. 
Wetterstroem,  T.  D. 
Wiborg,  F.  B. 

CI.BVBI,AND. 
Bragg,  E.  B. 
Brush,  C.  F. 
Burwell.  A.  W. 
Crobau^h,  F.  L. 
Franklm.  A.  I. 
Graves,  W.  G. 
Gronemeyer.  H.  H. 
Gruener.  Hippol3rte 
Hobbs.  P.  L. 
Krause,  A.  H. 
Lihme.  I.  P. 
Mabery,  C.  F. 
Morley.  E.  W.  (Hon.)* 
Smith,  A.  W. 
Textor,  Oscar 
Tower,  O.  F. 
Worstall,  R.  A. 

COI.CMBnS. 

Bradford.  Ernest 
Fischer,  Robert 
Gore,  H.  C. 
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OHIO  (continued). 


coi^UMBUs  (continued). 

Harrold,  E.  E. 
Henderson,  W.  E. 
Horton,  E.  G. 
Howard,  C.  C. 
Kohr,  D.  A. 
Lord,  N.  W. 
McPherson,  Wm. 
Somermeier,  E.  E. 
Vinson,  A.  E. 
Weber,  H.  A. 

DAYTON. 

Elliott,  Russell 
Kittredge,  H.  G. 

DEI^AWARE. 

Semans,  W.  O. 

GRAND  RAPIDS. 

Thurston,  Azor 

HARTWELL. 

Couch,  G.  E. 

HOME  CITY. 

Bosart,  L.  W.,  Jr. 

HORST. 

Lanning,  J.  G.  (A) 

I«ORAIN. 

Du  Pont,  P.  S. 

MADISON  Vn^LE. 

Driehaus,  I.  W.  (A) 


STII*I,WATER. 

Fields,  John 
Holter,  G.  h. 


CORVALWS. 


Shaw,  G.  W. 


SALEM. 


Tuthill,  J.  B.  T. 


ALI^EGHENY. 

Austin,  N.  M. 
Fetterman,  J.  C. 
Isaacs,  A.  S. 
Lysle.  W.  S.  (A) 
Phillips,  F.  C. 
Stifel,  W.  H.  (A) 


MARI^BORO. 

Bloomfield,  L.  M. 

MINGO  JUNCTION. 

Ritchey,  J.  C. 

OBERI^IN. 

Chamberlain,  J.  S. 
Jewett,  F.  F. 
Taylor,  T.  M. 

OXFORD. 

Hughes,  R.  M. 

PLEASANT  RIDGE. 

La  Bach,  J.  O. 

SCIO. 
Beal,  J.  H. 

SPRINGFIELD. 

Linn,  A.  F. 

TOLEDO. 

Hess,  H.  W. 
Kirchmaier,  G.  A. 

UNION  FURNACE. 

Lovejoy,  Ellis 

WYOMING. 

Twitchell,  E. 

YOUNGSTOWN. 

Barrows,  W.  A.,  Jr. 
Brinker,  H.  L. 

ZANESVILLE. 

Langenbeck,  Karl 


OKLAHOMA. 


OREGON. 


SUMPTER. 


Redding,  A.  C. 


PENNSYLVANIA. 

ALLENTOWN. 

Hartzell,  H.  S. 
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PENNSYLVANIA  {continued). 


Clements,  P.  O. 
Davis,  R.  S. 
Dudley,  C.  B. 
McDonnell,  M.  £. 
Pease,  P.  N. 

BBTHI^BHBM. 

Richards,  J.  W. 

BBRWICK. 

Voorhees,  G.  E. 

BRADDOCK. 

Murray,  C.  B. 

BRYN.  MAWR. 

Cushman,  A.  S. 

CARLISLB. 

Lindsay,  W.  B. 
Stephens,  H.  M. 

CATASAUQUA. 

Louder,  J.  W.  (A) 

CHBSTBR. 

Burt,  M.  C. 
Oglesby,  W.  R. 

COAXES  VILI^E. 

Bachus,  Charles 
Martin,  H.  G. 

CONSHOHOCKBN. 

Clark,  A.  W. 

DUQUBSNB. 

Camp,  J.  M. 

EASTON. 

Baker,  J.  T. 
Church,  H.  K.  (A) 
Hart,  Edward 
Meade,  R.  K. 
Schaffer,  H.  A. 
Shimer,  P.  W. 
Watson,  H.  B.  G.  (A) 

ERIE. 

Evans,  J.  A. 

ETNA. 

Calvert,  J.  E.  (A) 

FRANKLIN. 

Conradson,  P.  H. 

HAVERFORD. 

Baxter,  G.  P. 
Hall,  L.  B. 

JOHNSTOWN. 

Rising,  H.  R. 


Beck,  H.  H. 
Schiedt,  R.  C. 

LAKSDOWNB. 

Dodge,  F.  E. 

irr.  AX.VHRNO. 

Bamett,  E.  S. 

MUNHAIX. 

Wood,  E.  P. 

NATRONA. 

Hall,  J.  G. 
Heerlein,  Robert 
Kuntz,  L.  A. 
McPetridge,  Joseph 


OTTO. 


Affelder,  O.  I. 


PHILADEI«FHIA. 

Armstrong,  Theodore  (A) 

Atkinson,  E.  A. 

Attix,  J.  C. 

Auchy,  George 

Barker,  G.  F. 

Benton,  S.  I. 

Blair,  A.  A. 

Boggs,  G.  H. 

Bower,  W.  H. 

Bradbury,  R.  H. 

Congdon,  E.  A. 

de  Benneville,  J.  S. 

Eavenson,  Alban 

Ebaugh,  W.  C. 

Eckfeldt,  J.  B. 

Genth,  F.  A. 

Glover,  Henry 

Goldsmith,  E. 

Griffith,  M.  D. 

Haines,  Reuben 

Hall,  C.  A. 

Hanna,  D.  C. 

Hardin,  W.  L. 

Harold,  J.  F.  X. 

Harrison,  C.  L.  (A) 

Hitchcock,  F.  R.  M. 

Hooker,  S.  C. 

Humphrey,  R.  L. 

Jayne,  H.  W. 

Jones,  J.  L. 

Kebler,  L.  F. 

Keller,  H.  F. 

Landis,  E.  K. 

LaWall,  C.  H. 
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PENNSYI^VANIA  (continued), 
PHU^ADSx^PHiA  (continued).  pittsbu»g  (continued) 


Leffmanii,  Henry 
Loos,  £.  A. 
Loreaz,  H.  W.  P. 
Maas,  Philip 
Marshall,  John 
Matthews,  J.  M. 
Meeker,  G.  L. 
Moyer,  J.  B. 
Neidich,  S.  A. 
Oberholtrcr,  Vickers 
Pemberton,  Henry,  Jr. 
Pemberton,  Ralph 
Pennington,  M.  B. 
Pierce,  E.  W. 
Piatt,  Charles 
Porter,  Georgia 
Pullman,  F.  C. 
Remington,  J.  P. 
Richaras,  Joseph 
Rosengarten,  G.  D. 
Rowland,  W.  L. 
Sadtler,  S.  P. 
Sadtler,  S.  S. 
Schanche,  H.  G. 
Schlichting,  Bmil 
Seal,  A.  N. 
Shinn,  O.  L. 
Smith,  E.  F. 
Snyder,  O.  J. 
Starke,  F.  W. 
Taggart,  W.  T. 
Thomas,  N.  W. 
Torrey,  C.  A.,  Jr. 
Tuttle,  D.  K. 
Tutwiler,  C.  C. 
Whitfield,  J.  E. 
Wood,  J.  R. 

PHOENIXVII*I.E. 

Jameson,  A.  H. 

PITTSBURG. 

Clapp,  G.  H. 
Craig,  A.  G. 
Craver,  H.  W. 
Finley,  N.  H.  (A) 
Frohman,  E.  D. 
Gearing,  J.  H.  (A) 
Gross,  Abraham 
Handy,  J.  O. 
Hays,  J.  A. 
Jones,  A.  B. 
Keller,  Charles 
Kirk,  D.  M. 
Mahon,  R.  W. 


McTaggart,  J.  T. 
Myers,  H.  E. 
Phillips,  W.  B. 
Stahl,  k.  F. 
Waters,  O.  G.  (A) 
Wells,  Allans 

RBADING. 

Doolittle,  O.  S. 
Faust,  J.  K. 
Job,  Robert 
Sargent,  G.  W. 

SCRANTON. 

Welles,  A.  H. 

SHARON. 

Sanborn,  E.  R. 

SHARPSVU^I^E. 

Dickson,  W.  E. 

SOUTH  BBTHI^BHEM. 

Buck,  C.  A. 
Chandler,  W.  H. 
Colby,  A.  L. 
Drown,  T.  M. 
Enright,  Bernard 
Schober,  W.  B. 
UUmann,  H.  M. 

SPRING  FORGE. 

Calkin,  W.  S. 

STATE   COI^I^EGE. 

Armsby,  H.  P. 
Frear,  Wm. 
Fries,  J.  A. 
Pond,  F.  J. 
Pond,  G.  G. 

STEBI<TON. 
EUery,  J.  B . 

VANDERGRIFT. 

Ginder,  W.  H.  H. 

WASHINGTON. 

Hamilton,  L.  P. 

WEST  CHESTER. 

Brinton,  C.  S.  (A) 
Cochran,  C.  B. 
Roberts,  C.  C. 

WILKESBARRB. 

Dean,  W.  H. 

YORK. 

Ehrenfeld,  C.  H. 
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KINGSTON. 

Bucher,  J.  E. 
Hartwcll.  B.  L. 
Washburn,  J.  H. 
Wheeler,  H.  J. 

NEWPORT. 

Brown,  H.  F. 
Pullam,  F.  L. 
Gibbs,  Wolcott  (Hon.) 
Stevens,  E.  K. 
Tobin,  J.  J. 
Ziegler,  J.  C. 

OLNEYVII^LE. 

Saunders,  W.  M. 

PAWTUCKET. 

Crocker,  C.  S. 
Foumeaux,  E.  A. 
Perry,  C.  M. 

PEACE  DAI^E. 

Jandrier,  Edmond 
Sargent,  C.  L. 

CHARI,ESTON. 

Chazal,  P.  E. 
Miller,  H.  L. 
Parker,  F.  L. 
Reid,  E.  E. 
Robertson,  Wm. 

DEADWOOD. 

Dorr,  J.  V.  N. 
Flintermann,  R.  F. 
Nicholls,  G.  A. 

BRISTOI,. 

Davis,  W.  W. 
Wilson,  E.  F. 

KNOXVIi:,I,E. 

McBryde,  J.  B. 
Mooers,  C.  A. 
Wait,  C.  E. 

LEBANON. 
Hinds,  J.  I.  D. 

AUSTIN. 

Harper,  H.  W. 

EI.  PASO. 

Seamon,  W.  H. 
Tuschka,  Otto 


RHODE  ISLAND. 


Andrews,  F.  H. 
Andrews,  G.  F. 
Appleton,  J.  H. 
Arnold,  N.  D.  (A) 
Breer,  Louis 
Burgess,  H.  S.  (A) 
Bush,  C.  S. 
Catlin,  C.  A. 
Famsworth,  J.  P. 
Fol»m,  H.  A. 
Fuller,  R.  C.  (A) 
Hebden,  J.  C. 
Marlatt,  A.  L. 
Pearce,  E.  D. 
Perkins,  G.  E. 
Potter,  C.  A. 
Potter,  W.  R. 
Smith,  W.  E. 
Swett,  C.  E. 
Thayer,  F.  L. 
Woolworth,  J.  G- 

SOUTH  CAROLINA. 

CI«EMSON  COIXBGE. 

Brackett,  R.  N. 
Hardin,  M.  B. 
Robertson,  B.  F. 
Shiver,  F.  S. 


SOUTH  DAKOTA. 


RAPID  CITY. 


Slagle,  R.  L. 
TENNESSEE. 

MOUNT   PI,BASA1^T. 

Smither,  F.  W. 

NASHVII,I,E. 

Brown,  L.  P. 
Dudley,  W.  L. 
Hollinshead,  W,  H. 
Kelley,  J.  H. 
McGill,  J.  T. 


TEXAS. 


Sims,  C.  W. 


HOUSTON. 
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MERCUR. 


Fox,  H.  W. 


BURUNGTON. 

Boynton,  C.  S. 
Merrill,  N.  F. 
Steams,  J.  B. 
Torrey,  H.  A. 


BUENA  VISTA. 

Boiling,  Randolph 

CHARI.OTTESVIlvI,E. 

Dunnington,  F.  P. 
Mallet,  J.  W. 

EMORY. 

Jarman,  J.  L. 

HOWARDSVII^lyE. 

Logan,  Lily 

I^EXINGTON. 

Howe,  J.  L. 
Pendleton,  Hunter 

I^ONGDAI^E. 

Meaker,  W.  L. 

I.YNCHBURG. 

Bowman,  Walker. 


UTAH. 


VERMONT. 

MIDDI^EBURY. 

McGilton,  W.  W. 
Seely,  H.  M. 

NEWPORT. 

Thrasher,  E.  C. 
VIRGINIA. 

NORFOLK. 

Cratty,  J.  M. 

PULASKI. 

Daggett,  W.  W. 

RICHMOND. 

Carpenter,  F.  B. 
Froehling,  Henry 
Gaines,  R.  H. 
Hunter,  J.  R. 
Jones,  C.  C. 
Magruder,  E.  W. 

ROANOKE. 

Anderson,  Duncan,  Jr. 
Sanders,  C.  N. 


WASHINGTON. 


INDEX. 

Redding,  C.  R. 

NORTH  YAKIMA. 

McCurdy,  C.  W. 

PULLMAN. 

Fulmer,  Elton 
Heileman,  W.  H. 

BRAMWELL. 

Wiley,  W.  B. 

MORGANTOWN. 
Howard,  C.  D. 


BELOIT. 
Smith,  E.  G. 

MADISON. 

Daniells,  W.  W. 
Hillyer,  H.  W. 
Kahlenberg,  Louis 


REPUBLIC. 

Lyng,  M.  H. 

SEATTLE. 
Bogardus,  C.  E. 

SPOKANE. 

Fassett,  C.  M. 

WEST  VIRGINIA. 

WHEELING. 

Bloch,  J.  A.  (A) 
Bowman,  J.  W. 
Rawling,  C.  Q. 
Zimmer,  H.  W. 

WISCONSIN. 

MADISON  (continued). 

Kremers,  Edward 
Lenher,  Victor 
Peppel,  S.  V. 

MAYVILLE. 
Prentiss,  G.  N. 
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WISCONSIN  {^continued). 

MILWAUKEE. 


Baumgarten,  P.  M. 
MacPHerr&n,  R.  S. 
MitcheU,  A.  S. 
Smith,  H.  K. 

MINERAL  POINT. 

Chase,  M.  F. 
Mackay,  P.  A. 


ENCAMPMENT. 

Ebemian,  W.  S. 


SAN  JUAN. 

Berkeley.  W.  N. 


Goddard,  H.  N. 

EAdNE. 

Hindley,  R.  C. 


WYOMING. 


LARAMIE. 


Sloaaon,  B.  E. 
PUERTO  RICO. 


Maxwell,  Walter 
Shoiey,  E.  C. 
Thompson,  Firman 


HAWAIIAN  ISLANDS. 


AFRICA. 

Quinan,  W.  R. 

AUSTRALIA. 

steel,  F.  W. 

BARBADOES. 

Thome,  E.  E.  H. 

BRITISH  GUIANA,  8.  A. 

Douglas,  Wm. 
Harrison,  J.  B. 
KaufiFmann,  W.  P. 

CANADA. 

Andrews,  W.  W. 
Archibald,  E.  H. 
Carlsson,  Hugo 
Guess,  H.  A. 
Harrington,  B.  J. 
James,  J.  H. 
Johnson,  J.  F. 
Macfarlane,  Thomas 
McFarlen,  T.  J. 
Miller,  W.  L. 
Morgan,  T.  M. 
Neish,  A.  C. 
Roller,  H.  C.  (A) 
Shuler,  D.  P. 
Shutt,  F.  T. 
Shuttleworth.  A.  E. 
Thomas,  W.  H.,  Jr. 


FOREIGN  COUNTRIES. 

CHILI. 

Mathewson,  H.  P. 

CHINA. 

L3nnan,  E.  R. 

CUBA. 

Cuadrado,  G.  A. 
Femandez-Cavada,  F.  (A) 
Munoz,  L.  E. 
Whitaker,  DeBemiere 

ENGLAND. 

Armstrong,  H.  E. 

Crookes,  Sir  William  (Hon.) 

Elworthy,  H.  S. 

Jones,  P.  W. 

Power,  F.  B. 

Redwood,  Boverton 

Rhodes,  Edward 

Stead,  J.  E. 

Stillwell,  J.  S. 

Tyrer,  lliomas 

Williamson,  A.  W.  (Hon.) 


FRANCE. 

Berthelot,  M.  (Hon.) 
Chalon,  P.  F. 
Moiasan,  Henri  (Hon.) 
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FOREIGN 

GBRMANY. 

Browne,  C.  A.,  Jr. 

Pahlbex^,  Constantm 

Harding,  E.  P. 

Krause,  G. 

Ostwald,  Wilhclm  (Hon.) 

Sauer,  Ewald 

Sternberg,  L. 

van't  Hoff.  J.  H.  (Hon.) 

AVallengtein,  Plonan 

ITAI,Y. 

Cannizzaro,  Stanislao  (Hon.) 

JAVA. 

Boot.  J.  C. 


COUNTRIES  {continued). 

MEXICO. 

Brown,  Thomas,  Jr. 
Gardufio,  Jesus 
Harms,  Armin 
Hough,  G.  J. 
Keller,  Cornelius 
Schloss,  J.  A. 
Wardman,  G.  B. 

RUSSIA. 

Bregowsky,  I.  M. 
Mendel^ff,  D.  (Hon.) 

'  SCOTLAND. 

Dobbin,  Leonard 
LongstafF,  J.  P. 
Macadam,  W.  I. 
Martin,  A.  M. 
Pinkerton,  D.  J. 
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SUMMARY 

Alabama 13 

Arizona 6 

Arkansas 2 

California 44 

Colorado 10 

Connecticut 28 

Delaware 4 

District  of  Columbia 72 

Florida 3 

Georgia 12 

Idaho 2 

Illinois .83 

Indiana 14 

Iowa 9 

Kansas •  13 

Kentucky 8 

Louisiana 11 

Maine 10 

Maryland 28 

Massachusetts 208 

Michigan 48 

Minnesota 19 

Mississippi 4 

Missouri 21 

Montana    22 

Nebraska 16 

Nevada 2 


BY  STATES. 

New  Hampshire 12 

New  Jersey 97 

New  Mexico i 

New  York 356 

North  Carolina n 

North  Dakota i 

Ohio HI 

Oklahoma 2 

Oregon 3 

Pennsylvania 166 

Rhode  Island 37 

South  Carolina 9 

South  Dakota 4 

Tennessee 12 

Texas 4 

Utah I 

Vermont 7 

Virginia 19 

Washin^on 7 

West  Virginia 6 

Wisconsin 16 

Wyoming 2 

Puerto  Rico i 

Hawaii 3 

Foreign  Countries 68 

Total 1679 


GENERAL  MEETINGS. 

.  I.  Newport,  R.  I.,  August  6  and  7,  1890. 

2.  Philadelphia,  Pa.,  December  30  and  31,  1890. 

3.  Washington,  D.  C.,  August  17  and  18,  1891. 

4.  New  York,  N.  Y.,  December  29  and  30,  1891. 

5.  Rochester,  N.  Y.,  August  16  and  17,  1892. 

6.  Pittsburg,  Pa.,  December  28  and  29,  1892. 

7.  Chicago,  111.,  August  21  and  22,  1893. 

8.  Baltimore,  Md.,  December  27  and  28,  1893. 

9.  Brooklyn,  N.  Y.,  August  15  and  16,  1894. 

10.  Boston  and  Cambridge,  Mass.,  December  27  and  28,  1894. 

11.  Springfield,  Mass.,  August  27  and  28,  1895. 

12.  Cleveland,  O.,  December  30  and  31,  1895. 

13.  Buffalo,  N.  Y.,  August  21  and  22,  1896. 

14.  Troy,  N.  Y.,  December  29  and  30,  1896. 

15.  Detroit,  Mich.,  August  9  and  10,  1897. 

x6.  Washington,  D.  C,  December  29  and  30,  1897. 

17.  Boston,  Mass.,  August  22  and  23,  1898. 

18.  New  York,  N.  Y.,  December  28  and  29,  1898. 

19.  Columbus,  O.,  August  21  and  22,  1899. 

20.  New  Haven,  Conn.,  December  27  and  28,  1899. 

21.  New  York,  N.  Y.,  June  25  and  26,  1900. 
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